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Benzannulated and a series of constrained derivatives of the essential 
amino acids tyrosine and tryptophan were synthesized. The synthesis of 
the two benzannulated tyrosine analogs followed traditional synthetic 
protocols tha t basically consisted of obtaining key oxazolones and further 
elaboration to the target amino acids; the la tter compounds were obtained 
as racemic m ixtures. All the  reaction in te rm ed ia tes were fully 
characterized spectroscopically, and when possible, structure proof was 
established by X-ray crystallographic determinations.
Asym m etric hydrogenation studies on the  in te rm ed ia te  (Z)-2- 
benzoylaminoacrylic acids were undertaken  in  an effort to obtain 
enantiomerically pure m aterials. The products were, in fact, chiral upon 
hydrogenation in the presence of Rh(BINAP) catalyst. Evidence of chirality 
was established by the determ ination of the optical activity. NMR 
experiments with a europium chiral shift reagent indicated th a t in  the case 
of the monosubstituted naphthalene derivatives, the hydrogenation afforded 
only one enantiomer. The ee of the disubstitued derivatives as well as the 
configuration of all major products remains to be determined.
Two constrained derivatives of tyrosine where the alanyl side chain was 
incorporated into five- and six-membered rings were also prepared.
The contrained derivatives of tryptophan were synthesized by means of 
the Pictet-Spengler reaction and the Fischer indolization process. Progress 
made towards the preparation of cyclopropane-tryptophan is reported. The 
la tte r compound contains a cyclopropane ring the prevents rotation about 
the a-P bonds of the alanyl side chain of the amino acid.
xxi
All these derivatives will be tested as isomorphic replacements of the 
native amino acids. Their utility as intrinsic fluorescent probes will be 
scrutinized. Because of the m inim al s truc tu ra l changes th a t the 
synthesized amino acids possess, they are expected to mimic the behavior of 
the original amino acids closely.
The second part of this manuscript is a compilation of the methods used 
to introduce prenyl moieties onto flavonoid-type compounds.
CHAPTER 1
1. INTRODUCTION.
a-Amino acids are pervasive compounds spread throughout all living 
systems. They are found in  either their free form or as the repeating units 
of peptides and proteins. Amino acids bind covalently, through amide 
linkages, to form peptides and proteins. A distinguishing feature of the 
structure of proteins is tha t these linkages are orderly arranged in a head- 
to-tail manner.
Amino acids contain unique prosthetic groups th a t vary in  shape, size, 
hydrophilicity, and charge. These groups confer unique physical and 
chemical properties to the paren t amino acid. Their structure affects the 
final conformation adopted by a protein in  solution. Protein m aterials 
usually fold in an orderly m anner due to electrostatic and Van der Waals 
interactions. This process allows hydrogen bonding links between amide 
hydrogens and carbonyl groups.
Proteins acquire ordered three dimensional arrangem ents because of 
the chiral centers of the monomeric units. a-Helices and p-sheets are the 
most common shapes presented by these polymeric materials.
Built from peptides and proteins, enzymes are elaborated entities that 
fulfill im portant biological functions. For instance, they catalyze and 
regulate the chemical reactions tha t occur in  the body a t a high rate  and 
with remarkable stereospecificity; hemoglobins transport oxygen to all body 
cells; and antibodies fight invading organisms.
Understanding the conformational changes th a t occur in peptides and 
proteins is essential in  elucidating the connection between structure and 




Chemical methods involve the formation of covalent bonds a t specific 
nucleophilic sites. The extent of these reactions is affected by the 
availability of the reacting sites, some amino acids are clustered in the 
inside of a folded protein. These reactions are sensitive to external factors 
such as the pH.
NMR spectroscopy is one of the physical methods extensively used for 
studying biopolymers. The spectra of long and flexible peptides are, 
however, complicated by inherent molecular motions. The la tter problem is 
alleviated when cyclic or large peptides are studied where molecular 
motions are limited.
Protein m aterials show complex NMR spectra. Small proteins contain 
a t least one thousand hydrogen atoms, and only fingerprint regions can be 
recognized. With the recent development of high resolution NMR, it  is 
possible to resolve those spectra, and observe defined absorptions on specific 
regions of the spectrum.
If the molecular flexibility is reduced to a minimum, th a t is the solid 
state, then X-ray diffraction provides the complete conformational and 
covalent molecular array. This method is, however lim ited to those 
proteins tha t crystallize out. Both the solvent and hydrogen bonding effects, 
influence the final molecular array  adopted by the protein. Determinations 
on large protein m aterials are more accurate approximations, for the 
compact native packing prevents molecular movement. An excellent 
example of the technique was the precise covalent determ ination of 
hemoglobin, the globular protein responsible for the transport of oxygen in 
hum an blood.1
3
While NMR and X-ray have lim itations, fluorescence is more widely 
applicable since i t  can provide dynamic as well as static structural 
information. Fluorescence is the spontaneous emission of light when an 
electron of an excited molecule returns from its excited state to the ground 
state. The usefulness of the fluorescent methods lies in th a t the technique 
is very sensitive to changes tha t happen in the local environment to which a 
fluorophore is exposed. H ighly fluo rescen t groups, such as 
naphthylsulfonyl moieties are frequently used as extrinsic reporters of such 
environments. These extrinsic chromophores have absorption wavelengths 
different from those of the natural fluorescent species. The quenching of 
the fluorescence indicates an interaction between the fluorophore and other 
functional groups nearby. Fluorescence takes place within the time frame 
of 10'8 to 10'9 seconds, a time th a t is long enough to observe conformational 
changes.
Upon excitation, a num ber of deactivation processes compete with 
fluorescence, such as phosphorescence and internal conversion. There are 
two nonradiative pathways th a t fall into the same category: 1) static
quenching tha t occurs when the fluorophore in  the ground state complexes 
with a potential quencher thus preventing fluorescence; and 2) dynamic 
quenching th a t occurs when the fluorophore in the excited state collides 
with a potential quencher to decrease or completely eliminate fluorescence. 
M olecular oxygen, cesium, and iodide ions are typical examples of 
quenching species.
The amino acids, phenylalanine, tyrosine, and tryptophan, absorb in the 
ultraviolet region and have been used as intrinsic probes for fluorescence 
m easurem ents. However, these m easurem ents suffer from spectral
overlap. Photophysical studies on aromatic amino acids are difficult to 
interpret, for they present complex fluorescence decays.
Tryptophan shows a biexponential decay th a t has been explained by a 
num ber of theories:2 1) the rotam er model which proposes the slow 
interconversion of conformers about the a-P and (3-y bonds of the side alanyl 
chain; 2) excited-state proton transfer which occurs a t C-4 of the indole 
ring, possibly aided by the ammonium group; and, 3) electron transfer 
from the indolic system to an electron acceptor such as the carboxylate.
Tyrosine and phenylalanine have been studied to a lesser extent, 
nevertheless analogous theories have emerged to explain the quenching 
m echanism s presen ted  by these  system s :3 1) an  energy transfer 
mechanism observed in  proteins tha t contain both tryptophan and tyrosine 
where excited tyrosine transfers its energy to tryptophan; 2 ) an electron 
transfer mechanism from excited tyrosine to disulfide and carboxylate 
moieties; and, 3) slow conformer interconversions.
Tyrosine and tryptophan are common constituents of a num ber of 
peptides and proteins. They both present an absorption in the UV region at 
280 nm which brings about the problem of selective excitation. If  other 
absorbing amino acids are  present, the  fluorescence of tryptophan 
dominates the total fluorescence of the protein. Phenylalanine presents an 
emission th a t is negligible compared with tha t of tyrosine and tryptophan.
Designing compounds th a t could mimic the behavior of the aromatic 
amino acids would simplify some of the problems. Compounds containing 
side chains th a t restrict motions about the alanyl chain should be useful to 
test the remote effects caused by the carboxylate and ammonium moieties.
Benzannulated derivatives should be useful in shifting the absorption 
and emission wavelengths to higher values. This feature allows for
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selective fluorescence monitoring.
Somatostatin is a  small and flexible neuropeptide tha t contains a single 
tryptophan and tyrosine residue and its  mode of binding seems to be 
dictated by a subset of conformers specifically recognized by membrane 
receptors. These peptides are  two excellent models to study the 
fluorescence behavior once the modified amino acids are incorporated.
The enantioselective synthesis of amino acids is of param ount 
im portance. The la te s t  technology on asym m etric homogeneous 
hydrogenation has allowed amino acids and the ir derivatives to be 
synthesized with high optical yields.
The pioneering work on homogeneous hydrogenation catalysis using 
chlorotris(triphenylphosphine)rhodium, or W ilkinson's catalyst, brought 
along a variety of new catalysts. The original achiral triphenylphosphine 
was replaced with chiral phosphine ligands th a t could potentially induce 
stereoselectivity.
This technology has advanced and it  is now applied industrially for the 
production of (S)-DOPA, a hydroxylated tyrosine derivative used for the 
treatm ent of Parkinson's disease. The process uses a DIPAMP-rhodium 
complex. Figure 1 shows a lis t of some common ligands employed in 
asymmetric hydrogenation experiments.
Another example of the stereoselective hydrogenation of derivatives of D- 
and L-tryptophan was recently reported by Cervinka et al. using a 
rhodium-(+)-DIOP catalyst prepared in situ.4
2 ,2 '-B is(d ipheny lphosph ino )-l,l'-b inaph thy l (BINAP), has been 
successfully used in  homogeneous hydrogenations. Its rhodium complex 
has: 1 ) a fully aryl-substituted diphosphine; 2 ) conformational flexibility
6
and is able to chelate a number of transition metals by rotation about the 
binaphthyl bond; 3) it  forms a very stable seven membered ring; and, 4) a 
C2 axis of sym m etry which reduces the  num ber of diasterom eric 






















Figure 1. Common chiral ligands used in Asymmetric Hydrogenation.
High enantioselectivities are observed with derivatives of acrylic acid 
bearing N-acetyl or N-benzoyl groups and possessing the Z  configuration.
Detailed mechanistic studies have determined tha t the carbonyl group of 
the acyl function plays an im portant role in  the complexation with the 
transition m etal thus making the process polar in  character. Presumably, 
th is is the reason for the poor enantioselectivity resu lts observed with 
aliphatic alkenes where polar sites are absent.
Reaction conditions vary for each substrate; i t  seems th a t they have
7
their very own set of conditions. One common aspect is th a t the reaction is 
sensitive to oxygen which may oxidize the phosphines to the corresponding 
phosphine oxides.
No clear correlation has been drawn from pressure, tem perature, and 
solvent effects. Hydrogen pressure accelerates the reaction rate  but brings 
about the partial loss of selectivity; low tem perature is accompanied by a 
decreased reaction rate; and alcohols show the best complexing capability 
over other organic solvents.
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2. Results and  Discussion
The goal of th is research  was to synthesize benzannulated  and 
constrained derivatives of the essential amino acids tyrosine, tryptophan, 
and phenylalanine. These derivatives were designed to mimic the behavior 
of the parent amino acids closely.
One of the salient structural features of the synthesized compounds is 
tha t the extended conjugation of the benzannulated derivatives will result 
in red-shifted absorption and emission compared to the native amino acids. 
This will perm it the selective fluorescence monitoring of the these amino 
acids even in proteins.
The constrained derivatives contain side chains th a t prevent rotation 
about the a-(3 and P-y bonds of the alanyl moiety. These constraints prevent 
the approach of the carboxylate and ammonium functionalities to the 
aromatic portion of the molecule. By imposing rotational restrictions, it is 
expected th a t the extent of the fluorescence quenching processes due to 
intramolecular interactions will diminish.
The synthesized compounds are useful for testing theories concerning 
fluorescence quenching mechanisms. I t has been postulated th a t the 
quenching of the fluorescence arises from interactions of the aromatic 
chromophore with the alanyl side chain. The la tte r is flexible and freely 
ro tates about the <x-p and P-y bonds. For tryptophan, tyrosine and 
phenylalanine, two m echanisms are widely accepted: 1 ) an  electron
transfer mechanism between the chromophore and the carboxylate or 
ammonium group; and, 2 ) a proton transfer mechanism from the 
ammonium group to the aromatic chromophore.
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Tryptophan presents complicated photophysical properties. In solution, 
it  has two exponential decays with lifetimes of 0.5 and 3.1 ns suggesting the 
presence of two distinguishable species th a t do not interconvert on the 
fluorescence timescale. This phenomenon has been attributed  to slow 
exchange of two ground state rotam ers .5 A total of six conformers has been 
confirmed by solution NMR experiments. The predom inant rotam er 
presents a staggered conformation where the indole chromophore is 
flanked by the carboxylate and ammonio groups (Figure 2). This proximity 
clearly allows for the interaction of the chromophore and the functional 
groups.
Indole
NH- C O O -
H
Figure 2. Newman projection of L-tryptophan.
Fluorescence studies on tyrosine and phenylalanine are not abundant. 
In peptides containing both tyrosine and tryptophan, the fluorescence of 
tyrosine is quenched by an energy transfer mechanism to tryptophan .2 The 
inherent symmetry of the phenoxy and phenyl moieties, in  tyrosine and 
phenylalanine respectively, diminishes the number of different rotamers.
W hen incorporated into peptides, the synthesized benzannulated 
derivatives will provide im portan t hybrids of extrinsic and intrinsic 
fluorophoric probes, and will also be excellent reporters of the environment 
th a t surrounds an attachm ent site.
2.1 Synthesis of ly rosine  Derivatives.
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2.1.1 S y n th esis  o f th e  1 -naph tho l analog . The first benzannulated 
amino acid prepared was 1 and the synthesis is depicted in Scheme 1. An 
analysis of the target structure suggested th a t the incorporation of the 
amino acid portion could best be accomplished by using the oxazolone 
approach, also referred to as the Erlenmeyer azlactone synthesis.
The condensation of aromatic aldehydes with acyl derivatives of glycine 
is regioselectivo and produces the more stable Z  oxazolones in  moderate 
yields. It is now generally accepted th a t the Z  oxazolones form in  the 
Erlenmeyer synthesis .6
The oxazolone approach is versatile for the Z  stereoisomer can easily be 
transform ed into the E  by reaction with H Br ,7 by photochemical 
isom erization ,8 or from the oxazolinonium perchlorate sa lt .9
The Erlenm eyer appi’oach facilitates the access to a num ber of 
derivatives of cinnamic acid which are easily obtained by ring opening of 
th e  oxazolone w ith various nucleophiles. These reactions are 
stereospecific, furnishing the corresponding Z and E  derivatives. These 
derivatives are useful for asymmetric hydrogenations for they contain 
suitable substituents and stereochemistry. The reaction of a-acylamino- 
acrylic acids (specially the benzoylamido), regardless of the double bond 
stereochemistry takes place with high yields.10
Model experim ents geared tow ards the  p rep ara tio n  of (Z)-2- 
Benzyloxyarylideneoxazolones using N-CBZ-glycine were unsuccessful. 
The ring opening of the resulting oxazolone would have furnished an 
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Scheme 1. Synthesis of (±)-2-Amino-3-(4-hydroxy-l-naphthyl)propanoic
Acid Hydrochloride.
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benzyloxycarbonyl functionality. This group can be elim inated by 
hydrogenolysis in good yield.
Table 1 sum m arizes the  experim ental conditions used. The 
experiments were monitored by solution NMR and demonstrated the scarce 
consumption of benzaldehyde.
Table 1. Reagents used for the Attempted (Z)-2- 
Benzyloxyarylideneoxazolone Formation.
ArCHO Base Anhydride
1) PhCHO NaOAc Trifluoroacetic
2) l l TEA i i
3) i i DBU l l
4) i t DMAP t i
To synthesize 4-hydroxy-1-naphthaldehyde, a procedure reported by 
Adams and Levine was followed.11 It started with the introduction of the 
formyl group a t C-4 of a-naphthol by a G atterm an condensation with 
Zn(CN)2 and a stream  of gaseous HC1 in a dry ethyl ether solution. This 
reaction was moderately exothermic and required cooling a t intervals. The 
interm ediate aldimine hydrochloride precipitated out of the solution as a 
thick yellow solid; hydrolysis with an aqueous ethanol solution afforded 4- 
hydroxy-l-naphthaldehyde in 76% yield after crystallization.
Condensation of 4-hydroxy-1-naphthaldehyde w ith a hot slurry of
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hippuric acid in the presence of fresh anhydrous NaOAc and fresh AC2O 
afforded the Z oxazolone lb .  These reaction conditions acetylated the 
phenolic hydroxy group. I t was observed th a t this reaction required one 
equivalent of NaOAc to give the desired product, when two equivalents were 
used, the reaction yield decreased. Lower yields were obtained when the 
reagents were not anhydrous.
Oxazolone ring opening was achieved with two different nucleophiles, 
ethoxide and hydroxide. The reaction with sodium ethoxide was carried 
out a t low temperature to prevent possible double bond isomerization.
There is precedent th a t the formation of the Z derivatives is favored 
thermodynamically upon prolonged trea tm en t with ethoxide . 12 The Z 
configuration of the  eneamide l c  was dem onstrated by single X-ray 
analysis (Figure 3).
Similarly, the ring was opened using a refluxing 1% NaOH aqueous 
ethanolic solution to obtain the carboxylic acid derivative I f .  The 
configuration of the double bond in the acid was also confirmed by a series 
of NMR experiments discussed later and by X-ray structure determination 
(Figure 4).
Hydrogenation of the ene-amide over 10% Pd/C afforded the racemic 
ester-am ide Id .  The removal of the ester moiety proved troublesome. 
Saponification under reflux took place to furnish an uncrystallizable oil. 
The optimized conditions were stirring with 2M KOH a t 30-35°C for 24 hrs to 
give l e  in good yield (Figure 5).
Typical conditions for the removal of benzoyl groups require harsh  
conditions. The HF-pyridine complex is widely used in  peptide synthesis to 
remove protecting benzoyl groups, however the reaction was unsuccessful 
with both Id  and le  derivatives.
Figure 3. ORTEP drawing of Ethyl (Z)-2-(N-Benzoylamino)-3-(4-hydroxy-l-naphthyl)propenoate.
<S D -°








Figure 5. ORTEP drawing of (±)-2-(N-Benzoylamino)-3-(4-hydroxy-l-naphthyl)propanoic Acid.
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Other attem pts included the hydrolysis with an ethanolic solution of 6N 
HC1 in a sealed tube a t elevated temperatures. The reaction afforded a by­
product which separated as a second layer and was indentified as ethyl 
benzoate by mass spectrometry and NMR. Debenzoylation had occurred, 
however, poor yields were realized.
The benzoyl group has been succesfully removed from amino 
functionalities in carbohydrates and purines by reaction with neat mono- or 
dinitrophenols a t high tem peratures .13 This reaction was attempted on the 
carboxylic acid derivative l e  and furnished an unworkable black material 
th a t was insoluble in  organic solvents.
An attem pt to hydrolize the amide linkage w ith a refluxing NaOH 
solution was unsuccessful and the starting m aterial was isolated as an oil.
The reaction with refluxing 6N HC1 gave the hydrochloride of 1 in  good 
yield. Dioxane was used as a  cosolvent to aid in the solubilization of the 
organic reactant. The product was obtained as a hygroscopic m aterial tha t 
was treated with w ater to remove the excess HC1, and washed with ethyl 
ether to obtain a stable product. Concommitant hydrolysis of the ester and 
benzoyl groups was also successful under the same conditions. Elemental 
analysis of the product showed tha t the compound was a monohydrate.
2.1.2 Synthesis o f th e  2-naphthol analog of tyrosine. The synthesis of the 
P-naphthol derivative proceeded through a sim ilar oxazolone pathway. 
Scheme 2  shows the approach. I t began with the dibromination of (1- 
naphthol to give l,6-dibromo-2-naphthol. In  situ  removal of the bromine 
atom a t position 1 was accomplished with Sn metal to give the 6-bromo-2- 















Scheme 2 . Synthesis of (±)-2-Amino-3-(6-hydroxy-2-naphthyl)propanoic
Acid Hydrobromide.
with Me2S0 4  in basic solution furnished 6 -bromo-2 -methoxynaphthalene in 
good yield15. Grignard reaction of 6-bromo-2-methoxynaphthalene with 
dim ethylform am ide introduced a formyl group a t position 2. 16 An 
alternative transm etallation  approach using tert-butyllithium  a t -78°C
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afforded low yields of the desired aldehyde.
Oxazolone ring form ation was accomplished in  a heated slurry  of 
hippuric acid, fresh NaOAc and fresh AC2O. Using two equivalents of 
NaOAc had no effect on the reaction yield. The stereoselective formation of 
the Z  oxazolone was established by NMR experiments discussed later.
This oxazolone was reacted with sodium ethoxide to afford the ene- 
amide 2c in good yield. The product provided crystals th a t were a complex 
conglomerate containing clustered solvent molecules according to a crude 
X-ray determination .17
Reaction with refluxing 1% NaOH in aqueous ethanol gave the acrylic 
acid 2 f.
Both derivatives were recrystallized from a number of solvent systems in 
an a ttem pt to grow X-ray quality  crystals, however they were all 
unsuccessful.
Hydrogenation over 10% Pd/C of the ene-amide ester provided the 
racemic derivative 2 d  in  excellent yield. Saponification of the ester 
functionality gave the corresponding carboxylic acid in quantitative yield.
An attem pt to remove the ester, methyl and benzoyl groups from 2d with 
refluxing 48% HBr produced a resinous residue th a t was insoluble in 
common organic solvents.
Removal of the benzoyl functionality took place with refluxing 48% HBr, 
which concomitantly removed the methyl group. The product was obtained 
as a  hygroscopic hydrobromide th a t was treated with w ater to remove the 
excess HBr, and washed with ethyl ether. Its elemental analysis did not 
provide the expected results; the compound is a hydrate th a t contains a 
fractional amount of water in the crystal lattice; the purity was assayed by
20
high resolution-fast atom bombardment mass spectrometry.
Attempts to remove the benzoyl group from 2e with the HF-pyridine 
complex, and nitrophenols were also unsuccessful.
Efforts to isolate the final amino acids from 1 and 2  in the free zwitterion 
forms were unsuccessful. N eutralization in  aqueous solutions with 
NaHCC>3 under an argon atmosphere resulted in partial oxidation of the 
amino acids. Neutralization even in the presence of the easily oxidizable 
amino acid cysteine and under an argon atmosphere was unsuccessful.
2.1.3 NM R
The configuration of the double bond in the acrylic acid derivative I f  was 
confirmed by NMR experiments. NMR assignments of the aromatic region 
were possible by m eans of COSY, selective irrad iation , and NOE 
experiments. These m easurem ents were carried out in  DMSO-dg and in 
CgDg containing 10% DMSO-dg for complete dissolution of the acrylic acid. 
Irradiation of the amide hydrogen affected the absorption of H-2, H-21 and 
H-6 '; the vinylic proton rem ained unaffected. Saturation of the vinylic 
proton clearly showed an effect on H -8 but not on H-2. Saturation of the 
hydroxy phenolic proton showed a strong effect on the absorption of 
hydrogens H-3 and a weak one on H-5 (Figure 6 ). From the above NMR 
observations, it  was concluded th a t the propenyl chain is oriented almost 
parallel to the plane of the naphthalene ring. These observations also 
confirmed th a t the configuration of the  double bond is Z . The X-ray 
structure determ ination of both ethyl ester and acrylic acid derivatives 
(Figures 3 and 4) corroborate these conclusions.
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COOH O
Figure 6 . Structure of I f  showing the observed NOE effects.
The carboxylic acid 2 f  was also characterized by extensive NMR 
measurements. Proton NMR signals of the aromatic region were identified 
by COSY, selective irradiation, and NOE experiments. NOE measurements 
were carried out in DMSO-dg and in CgDg containing 10% DMSO-dg for 
solubility purposes. Irrad iation  of the amide hydrogen affected the 
absorption of the hydrogens H -l, H-3 and the ortho hydrogens belonging to 
the benzoyl group, the vinylic proton remained unaffected.
COOH
MeO'
Figure 7. Structure of 2 f showing the observed NOE effects.
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Saturation of the vinyl proton showed a weak effect on the protons of H -l 
and H-3 and no effect on the amide hydrogen (Figure 7).
These observations confirmed th a t the configuration of the double bond 
is Z  and also led us to conclude th a t in solution the vinylic proton is 
oriented perpendicular to the the plane of the naphthalene ring.
2.1.4 Synthesis of 2-Amino-5-hydroxyindan-2-carboxylic Acid. The title 
compound is a constrained tyrosine derivative, and its preparation followed 
the procedure reported by Pinder et al. with slight variation .18 Scheme 3 
shows the synthetic route followed.
Comparable yields were obtained in  the synthesis of the title compound, 
however the diazotization step, to replace the amino with a hydroxy group, 
only provided a 25% yield. The original reference reports a 70% yield, and 
no efforts were made to optimize this reaction. The basic hydrolysis of the 
la tter product was carried out with barium hydroxide octahydrate in a high 
pressure bomb. The reaction system was evacuated and flushed with argon 
five times to prevent the possible oxidation of the phenolic functionality by 
air. The bomb was heated in a sand bath to 155-160°C for 24 hrs to give the 
the amino acid 3, isolated as a hydrated zwitterion. The overall yield from 
2 -indanone was 11%.
The X-ray crystallographic determination of the product showed that the 
molecule has an  envelope conformation, typical of five-membered rings 
(Figure 8 ). Another salient feature of the molecule is th a t the water of 
crystallization in teracts through hydrogen bonding w ith the phenolic 
hydroxy group, two carboxylates and the ammonio group of four different 
molecules.
Figure 8. ORTEP drawing of 2-Amino-5-hydroxyindan-2-carboxylic Acid Monohydrate.
£3
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Scheme 3. Synthesis of 2-Amino-5-hydroxyindan-2-carboxylic Acid.
2.1.5 Synthesis o f 2-Amino-6-hydroxy-l,2,3,4-tetrahydronaphthalene-2- 
c a rb o x y lic  A cid. Progress made towards the preparation of the title 
compound is discussed below. This drivative is also a constrained 
derivative of tyrosine having the alanyl side chain incorporated into a six- 
membered ring. The compound was synthesized by Rastogi et aZ.19 and 
started with the Birch reduction of 2,6-dimethoxynaphthalene (Scheme 4).
The required s ta rting  m ateria l was prepared by reaction of 2,6- 
dihydroxynaphthalene with Me2SC>4 in  refluxing acetone and anh. K2CO3 to 
afford 2,6-dimethoxynaphthalene in  33% yield .20 Birch reduction with 
sodium m etal in  refluxing isopentyl alcohol provided 3,4-dihydro-2,6- 
dimethoxynaphthalene. The reaction yields varied within the range of 50- 
72%. The methyl enol ether was then hydrolyzed to the ketone upon brief 
treatm ent with dilute HC1. As soon as 4a was obtained, it was reacted with
25
(NH4)2CC>3 and KCN in 2-propanol to afford the expected hydantoin. The 
ketone 4a was unstable. I t decomposed after standing for approximately 48 
h rs.
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Scheme 4. Synthesis of 2-Amino-l,2,3,4-tetrahydronaphthalene-2-
carboxylic Acid.
JL3 Synthesis of Tryptophan Derivatives.
The best approach towards the synthesis of constrained derivatives of 
tryptophan is the Pictet-Spengler reaction. The reaction involves the 
condensation of a phenethyl- or indoylethyl- amine derivatives with 
carbonyl compounds in  the presence of mineral acids; both aldehydes and 
ketones react, though aldehydes furnish the best yield.
A series of derivatives were prepared using similar approaches (Figure
26
9).
5 a  was prepared from the reaction of L-tryptophan and a 37% 
formaldehyde solution. The synthesis of th is compound followed a 
procedure described by Harvey et al .21 Their paper reports three ways to 
prepare this compound; first, a reaction of a-hydroxym ethylam ino-P-3- 
indoylpropionic acid with dilute aqueous ammonia; second, the boiling of 
an aqueous solution of the aforementioned amino acid; and third, the 
reaction of tryptophan with formaldehyde in a NaOH solution a t 38°C. For 
simplicity, the third procedure was chosen.
NH
5a; R2 = R3 = H, Rx = O'
5b; R2 = R3 = H, Rj = OEt
5c hydrochloride; R$ = R3 = H, Rj = OMe
5d; R2 = R3 = D, Rx = OH
5e; R2 = P-phenyl, R2 = H, Rx = OH
5f; R2 = methyl, R3 = H, Rx = OH
Figure 9. Constrained derivatives of tryptophan.
A num ber of a ttem pts, working a t different m olar scales, gave 
irreproducible results. For instance, scale-up experiments afforded yields, 
ranging anywhere from 5-20% but not any higher. The reaction conditions 
were further investigated. It was observed that reproducible results, 10% 
yield, required L-tryptophan dissolved in  an equivalent amount of NaOH 
and reacting with 1.5 equivalents of a 37% formalin solution, a t a 5 mmole
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scale. Yields varied when scale-up experiments were attempted.
5 b  was prepared from the reaction of L-tryptophan ethyl ester 
hydrochloride w ith a 37% formalin solution in refluxing water. The 
product was obtained in the free amine form. Its hydrochloride salt was 
synthesized by dissolving the amine in DCM and passing HC1 gas through 
the solution.
5c was obtained by saturation of a suspension of 5a  in  methanol with 
HC1 gas and further reflux. The purity of this m aterial was assayed by 
FAB-mass spectrometry.
5d  was synthesized to observe the associated solid state motions by solid 
state  NMR. The preparation of the derivative involved the reaction of 
recrystallized L-tryptophan and an equivalent amount of NaOH (from a 2N 
solution) w ith a 50% m olar excess paraformaldehyde-d^ to furnish the 
product in  9% yield; these conditions were optimized to give consistent 
yields.
The m agnitude of the quadrupolar constant provides information on 
internal motion; values between 150 to 180 Hz indicate th a t the molecule 
remains motionless. For the specific compound, the quadrupolar constant 
was determined a t different tem peratures and its value varied slightly. The 
quadrupolar coupling constant values were 160 Hz a t 300 K and 150 Hz at 
400 K
5e and 5 f were synthesized so th a t the effect of the substituents on 
molecular motion could be studied. A procedure reported by Snyder et al. 
was followed .22 The preparation of 5e  started  w ith the reaction of 
benzaldehyde and L-tryptophan under acidic conditions. Analysis of the 
molecular models suggested th a t this reaction should furnish the p isomer
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predominantly. It should adopt a twisted chair conformation tha t would 
bring about the least number of steric interactions between the phenyl and 
indole rings.
The crude product was crystallized from hot ethanol-w ater (1:1) 
furnishing small brittle needles. The insoluble portion was dissolved in  hot 





Figure 10. NOE effects presented by 5e.
Analysis of the NMR spectra and NOE experiments (Figure 10), carried 
out in  DMSO-dg, on these two m aterials revealed th a t the structures were 
identical. One was the anhydrous form, and the other one a hydrate. From 
the NOE measurements, it  was observed th a t saturation of the a proton at 
C l had an effect on H3, the stereocenter, and vice versa. Saturation of the 
H a proton a t C4 affected its  geminal proton and also the adjacent H3. 
Saturation of the H3 signal showed an effect on H I and the a  and p 
hydrogens a t C4. Identical results were observed for the m aterial tha t 
crystallized from methanol. These observations confirmed tha t the reaction 
only affords the P stereoisomer.
The X-ray structure determination of 5f was reported by Codding.23 The
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six member ring adopts a half-chair conformation where the methyl and 
carboxylate m oieties a re  equato ria l and  thereby  m inim ize steric 
interactions. These observations are confirmed by examining molecular 
models. This derivative presented two crystalline forms as well, obtained 
from ethanol-w ater and water. Solution NMR corroboration of the p- 
configuration in  DMSO-dg was troubled by signal overlap with a broad 
w ater band.
The model compounds 1,2,3,4-tetrahydrocarbazole 6 , and 1,2,3,4- 
tetrahydro-P-carboline 7 (Figure 11) were purchased from commercial 
sources and purified to study th e ir fluorescence behavior; these two 
compounds will serve as b lanks for the  studies on the  quenching 
mechanisms proposed for the P-carboline ethyl ester derivative.
H H
6  7
Figure 11. Structure of model tryptophan derivatives.
The purification of 6  w ith  decolorizing charcoal and  repeated  
crystallization from hot alcohol gave colorless p lates th a t contained 
unidentified impurities as evidenced by FAB-mass spectrometry. Its X-ray 
structure determination showed disorder along the C2-C3-C4 bonds (Figure 
12).
7 was purified by repeated crystallizations from EtOH and afforded 









Figure 13. ORTEP drawing of 1,2,3,4-Tetrahydro-P-carboline.
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The X-ray determination also showed the same type of disorder as above, 
along the N2-C3-C4 bonds, though it was not as significant (Figure 13).
2.2.1 Synthesis of (±)-3-Amino-l,2,3,4-tetrahydrocarbazole-3-carboxylic 
A cid . The procedure reported by Britton and Lockwood was followed to 
prepare the title molecule and it is shown in Scheme 5 .24
The commercially available cyclohexadionemonoethylene ketal was 
reacted w ith conc. NH4OH, NH4CI and KCN in an aqueous solution 
containing a little methanol to afford 8 a. The reaction gave a 98% yield 
compared to 85% reported in the original reference. The following 
reactions afforded lower yields, and their optimization was not pursued. 
Reaction of 8 a  in an aqueous solution of (NE^^COs provided hydantoin 8b. 
Basic hydrolysis with Ba(OH)2 octahydrate in a high pressure bomb the 
amino acid 8 c. Upon crystallization from aqueous methanol, the zwitterion 
was obtained as colorless crystals. Its X-ray structure determ ination 
showed th a t the compound adopted the typical chair conformation and also 
th a t the carboxylate is nearly perpendicular to the amino group. The 
hydrogens on the amino group are involved in intram olecular hydrogen 
bonding with neighboring carboxylate groups (Figure 14).
Reaction of the la tte r amino acid with phenylhydrazine hydrochloride 
furnished 8 . The overall yield from the ketal was 18%. The product was 
obtained as a hydrate and in  almost colorless plates after crystallization 
from hot water. The X-ray structure determ ination showed th a t the 
cyclohexene ring  adopted a  tw isted chair conformation and th a t the 
hydrogens on the amino group are hydrogen bonded to a molecule of water 
(Figure 14). Also, one of the oxygen atoms of the carboxylate is oriented











Scheme 5. Synthesis of (±)-3-Amino-l,2,3,4-tetrahydrocarbazole-3-
carboxylic Acid.
parallel to the amino function.
In connection with the above synthesis, Britton reports the synthesis of
9, a suitable precursor in the preparation of another tryptophan derivative
10. This compound would possess resticted motion about the P-y bond of the 
side alanyl chain (Figure 16). No reaction occurred after treating 9 with 2
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equivalents of LDA and then with ethyl bromoacetate. An unsuccessful 
result was also obtained when the ene-amine approach was applied.
Figure 16. Tryptophan derivative with p-y bond rotation restriction.
2.2.2 Synthesis o f (±)-l,2,3,4-Tetrahydrocarbazole-3-carboxylic Acid.
This molecule was prepared according to the procedure reported by Rice 
and Scott (Scheme 6).25
The reported synthesis started with ethyl 4-hydroxybenzoate which was 
hydrogenated  over R h/alum ina  u n d er low p ressu re  giving 4- 
ethoxycarbonyl-l-cyclohexanol. The hydrogenation  of ethyl 4- 
hydroxybenzoate was attempted, though the yields obtained were low. The 
low activity of the rhodium catalyst may be ascribed to its sensitivity to 
oxygen. When the reaction vessel was evacuated and flushed with argon, 
the reaction yields showed little improvement.
The synthesis was accomplished by reaction of the commercially 
available 4-ethoxycarbonyl-l-cyclohexanone under Fischer indole formation 
with phenylhydrazine in  refluxing HOAc. The product was isolated as 
colorless crystals from benzene-hexane in  excellent yield. The X-ray 









Figure 17. ORTEP drawing of Ethyl (+)-l,2,3,4-Tetrahydrocarbazole-3-carboxylate.
£3
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twisted chair conformation observed in  similar systems (Figure 17).
Saponification of the ester moiety proceeded smoothly using KOH in an 
aqueous ethanolic solution to furnish the corresponding carboxylic acid in 
8 6 % yield.
Scheme 6 . Synthesis of (±)-l,2,3,4-tetrahydrocarbazole-3-carboxylic Acid.
2.2.3 Synthesis o f 2-(3-Indoyl)-l-am inocydopropane-l-carboxylic Acid.
Progress towards the  preparation  of the cyclopropane derivative of 
tryptophan 12, was made. This compound contains a cyclopropane ring the 
restricts motions about the a-P bonds. The synthesis followed an approach 
described by Stamm er et a / .26 I t began with the protection of the indole 
n itrogen  in  indole-3-carboxaldehyde w ith  N aH  and th en  w ith 
benzyloxymethyl chloride. The reaction proceeded with good yield. The 
resulting protected aldehyde was condensed im m ediately w ith diethyl 
malonate under Knoevenagel reaction conditions to give a  yellow crystalline 
adduct. The la tter was then reacted with dimethylsufoxonium methylide, 
















Scheme 7. Approach towards the synthesis of cyclopropane tryptophan.
2.3 Asymmetric Hydrogenation Experiments.
The ultim ate goal of th is research is to obtain enatiomerically pure 
derivatives of all the proposed amino acids. The pure forms will be useful 
isomorphic replacements to be incorporated into peptides, and study their 
behavior by fluorescence spectroscopy.
The synthetic route described earlier to prepare the 1-naphthol and 2- 
naphthol analogs of tyrosine provides im portant interm ediates for such
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purposes. The reaction of the oxazolones with refluxing 1% NaOH provided 
the acrylic acids 13 and 14 as shown in Scheme 8 .
The acrylic acids were chosen due to the facile procedure required for 
the isolation of the product.
The synthetic milestone th a t initiated the research work in the field of 
asymmetric hydrogenations was the discovery of chlorotris(triphenyl- 
phosphine)rhodium or Wilkinson's catalyst in the mid 60's. It was noticed 




13, Rx — R2 — H
14, Rx = OAc, Rg = OH
COOH
NHCOPh
15, Rj = Ra — H
16, Ri = Ra = OMe
Scheme 8 . Synthesis of Naphthyl Acrylic Acids.
To induce stereoselectivity, it  was realized tha t the original phosphine 
could be replaced w ith chiral phosphine ligands. This experiment was 
reported independently by two research groups in  the United States27 and in
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G e r m a n y . 28 Studies on acrylic acid derivatives showed th a t the 
enantioselection was low, however the way was paved for the development 
of new and more effective catalysts. Modifications of both, the ligand 
stucture and transition m etal, established th a t diphosphines are highly 
selective and that rhodium is the most effective metal.
In the field of rhodium catalyzed reactions a correlation of experimental 
conditions and stereoselection is controversial, for each reaction is subject 
to an individual set of conditions.
In general, the reactions are mechanistically dictated by the binding of 
the catalyst to the substrate in a  "lock to key" m anner. F irst the amide 
carbonyl oxygen coordinates and the olefin coordinates by replacing the 
weakly bound solvent molecules. The olefin is hydrogenated, falls off and 
the catalyst is regenerated. The mechanism is shown in  scheme 9.
[Rh(BINAP)]+ + 2ROH [Rh(BINAP)(ROH)2]+
H COOH
COOH NHCOPh








Scheme 9. Asymmetric hydrogenation mechanism.
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The chiral center of natural amino acids possesses the S-configuration. 
Because of the  effectiveness a t  catalyzing the  enantioselective 
hydrogenation of acrylic acid derivatives (R)-(+)-Rh(BINAP)(NBD)+C104‘ 
(17) was chosen as the model catalyst.10*29 This particular catalyst was 
shown to furnish products whose absolute configuration is S, and with 
exceptionally high optical yields. The catalyst is readily accessible through 
a two step sequence shown in Scheme 10 .
[Rh(NBD)Cl]2 [Rh(NBD)2]C104
[Rh(NBD)2]C104 C104‘
Scheme 9. Synthesis of the asymmetric hydrogenation catalyst.
Prelim inary results indicated th a t compounds 13, 14, 15, and 16 all 
reacted under optimized hydrogenation conditions. I t  was noted th a t the 
reaction proceeded according to molar ratios and reaction times shown in 
Table 2.
NMR spectra of the resulting products also dem onstrated th a t the 
reaction took place. The appearance of signals attributable to the proton of 
the chiral center and the benzylic-type protons were observed. The products 
are all optically acitive.
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Table 2. Asymmetric Hydrogenation with [Rh(BINAP)] catalyst.
Compound molar ratio time (days) yield(%) [a]a
13 1:340 2 95 -36.3b
14 1:130 2 95 -15.2C
15 1:360 4 90 -15.2d
16 1:145 4 85 -65. ie
M easurem ents on crude products. bc = 1.0, MeOH. Cc = 0.9, MeOH. 
dc = 0.9, MeOH. ec = 0.8, MeOH.
C atalytic hydrogenations are  frequently carried out w ith known 
prochiral amino acid derivatives to test the effectiveness of new catalysts. 
The optical purity  is checked by comparison with the known chiral 
material. To determine the optical purity of new chiral species a number of 
methods such as chromatography using diverse chiral supports, NMR 
analysis using chiral shift reagents, and further chemical transformations 
combined with NMR analysis have been developed.30
The product from the asymmetric hydrogenation of 16 was reacted with 
diazomethane to form the less polar methyl ester. NMR experiments on 
this ester using Eu(tfc)3, a chiral shift reagent, and carried out in DCM-g^ 
suggest tha t one enantiomer is being formed predominantly, as evidenced 
by the gradual downfield shifting of the chiral center signal. These results, 
however, are not conclusive a t this point. The configuration of the products 
as well as the enantiomeric excesses rem ain to be determined.
3. Experimental
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Unless indicated otherwise in a specific experiment, all of the chemicals 
employed in  th is work were reagent grade and used w ithout further 
purification. Fresh sodium acetate and fresh acetic anhydride both refer to 
freshly opened bottles th a t  were kept under an argon atm osphere 
afterwards. Benzene and toluene were refluxed and distilled from sodium. 
THF was distilled from potassium. Ethyl ether was distilled from liquified 
sodium-potassium alloy. Dichloromethane and hexane were refluxed and 
distilled from CaH2.
Column chromatography procedures involved silica gel (Baker, 60-200 
mesh) and fluorosil (Fischer Scientific, 60-100 mesh) chromatographic 
grade. Purification procedures used activated charcoal (MCB).
M elting points were m easured on a Thomas Hover (UNIMELT) 
capillary melting point apparatus and are uncorrected.
NMR spectra were recorded on a Bruker AC200 spectrometer a t 200 
MHz for *H and 50 MHz for 13C, or a Bruker AM400 a t 400 MHz for 1H and 
100 MHz for 13C. Coupling constants are reported as line separations in 
Hertz. INAPT, NOESY and selective irrad iation  experim ents were 
recorded on a B ruker AM400. COSY, DEPT, and carbon-hydrogen 
correlations were recorded on a B ruker AC200. Chemical shifts are 
reported in  ppm downfield from tetram ethy lsilane  as the  in ternal 
standard. Sodium 3-trimethylsilylpropanoate-2,2,3,3-d4 (TSP) was used as 
internal standard when the spectra were run  in D20 .
FT-IR spectra were recorded with either a  MIDAC or a Nicolet IR 44 
spectrometer. KBr pellets and nujol mulls were used.
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UV-Vis spectra were recorded in the specified solvent with a Hewlett- 
Packard 8451A spectrometer. The solvents used were spectroscopic grade. 
1 cm Quartz cells were used and measurements were corrected by a solvent 
blank. Absorbance values are reported in wavelength (nm) followed by 
extintion coefficients (e).
MS (electron impact) operating a t 70 eV and FAB-MS spectra were 
recorded on a Finnigan TSQ 70 spectrometer. Exact mass determinations 
were performed a t the Midwest Center for Mass Spectrometry of the 
University of Nebraska-Lincoln.
Elemental analyses were performed by either Desert Analytics (Tucson, 
AR) or Oneida Research Services, Inc. (Whiteboro, NY).
All experimental procedures below are preceded by a reaction scheme 
showing the  s ta r tin g  m ate ria l, the  chem icals requ ired  for the 
transformation, and the final product.
OH CHO
Zn(CN)2, HC1 (g), ether
OH
4 -H ydroxy-l-naph thaldehyde. This compound was prepared according 
to the procedure reported by Adams and Levine.11 To Zn(CN)2 (73.5 g, 0.626 
moles) suspended in dry ethyl ether (600 mL) was added a-naphthol (60.0 g, 
0.416 moles) under argon. A stream  of HC1 gas was bubbled through this 
solution for a period of 4 hrs with stirring to produce a thick yellow solid. 
The ether was poured out and water-ethanol (3:7) (2.0 L) was added. The
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suspension was brought up to reflux until complete dissolution of the solid 
mass. The hot solution was treated with decolorizing charcoal, filtered and 
allowed to cool. The brown solid th a t formed was crystallized from hot 
ethanol-water (3:7); a brown powdery m aterial was obtained (54.6 g, 76%); 
mp 182-184 °C (litU 178°C). lH NMR (DMSO-d6, 200 MHz) 8 10.08 (s, 1H, 
CHO), 9.19 (dd, 1H, Ar H), 8.25 (dd, 1 H, Ar H), 7.98 (d, 1H, Ar H), 7.69 (ddd, 
1H, Ar H), 7.56 (ddd, 1H, Ar H), 7.03 (d, 1H, Ar H). 13C NMR (DMSO-d6, 
200 MHz, ppm) 192.4 (CHO), 160.0, 140.7, 132.0, 129.6, 125.9, 124.5, 124.3,
123.0,122.8,107.7.
CHO
PhCONHCHgCOOH, anh. NaOAc, 
A c20 ,  A
OH OAc
Ph
(Z)-2-Phenyl-4-(4-acetoxy-l-naphthylidene)-5-oxazolone. A mixture of 4- 
hydroxy-l-naphthaldehyde (8 .6  g, 50 mmol), hippuric acid (9.5 g, 50 mmol), 
anh. NaOAc (4.1 g, 50 mmol) and anh. Ac20  (20 mL, 0.211 mol) was heated 
with constant stirring. The solid mass slowly liquified, gently boiled for 2 
min, cooled, and trea ted  w ith 95% ethanol (100 mL). The resulting 
suspension was placed in an  ice bath  and the precipitate was crushed, 
filtered and successively washed with cold w ater and then  with cold 
ethanol. The solid was dried and recrystallized from hot benzene as fine 
yellow needles (9.5 g, 53.2%); mp 201-203°C. UV (2-propanol) 204 (e 39 700), 
298 (e 9 500), 402 (e 23 200) nm; IR (KBr pellet) 3065,1798,1759,1645 cm*1. JH 
NMR (CDC13, 200 MHz) 8 9.07 (d, 1H, H2), 8.32 (d, 1H, H8 ), 8.19 (dd, 2H, H2',
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H6’), 8.07 (s, 1H, CH=), 7.98 (dd, 1H, H5), 7.51-7.67 (m, 5H, H6, H7, H3\ H4', 
H5'), 7.44 (d, 1H, H3), 2.50 (s, 3H, CH3). 13C NMR (CDClg, 50 MHz, ppm)
168.9,167.6,164.0,149.0,133.9,133.7,133.4,131.9 (C2 ), 128.9 (C2 ’, C6 '), 128.4 
(C3', C5'), 127.9,127.5,126.9,126.7,126.0 (CH=), 125.6,123.1 (C8 ), 122.1  (C5),
118.3 (C3), 21.0 (CH3). MS, m/z (relative intensity) 357 (M+), 315, 105 (100), 
77.
Anal. Calcd. for C22H 15N 0 4 (357.4): C, 73.87; H, 4.23; N, 3,92. Found: 





E thyl (Z)-2-(N-Benzoylam ino)-3-(4-hydroxy-1 -naphthyl)propenoate.
Sodium (0.51 g, 0.022 gram  atom) was dissolved in absolute ethanol (200 
mL) under argon. The solution was cooled to 0-5°C, and (Z)-2-phenyl-4-(4- 
acetoxy-l-naphthylidene)-5-oxazolone (7.2 g, 20.0 mmol) was added slowly to 
the solution and stirred for 3 hrs a t 0-5 °C. The solution was poured onto 
cold water (250 mL) and slowly acidified to pH 4 using cold 10% HC1. The 
precipitate th a t formed was filtered, washed with w ater and dried. The 
solid crystallized as off-white crystals from hot 2-propanol (7.22 g, 90%); mp 
182-183°C. X-ray quality crystals were grown from slow evaporation of 2- 
propanol. UV (MeOH) 204 (e 39 900), 240 (e 32 400), 348 (e 14 700) nm; IR (KBr 
pellet) 3300 (broad), 1716, 1645 cm’1. *H NMR (THF-d8, 400 MHz) 5 9.38 (s, 
1H), 8.98 (s, 1H), 8.26 (d, 1H, H8 ), 7.98 (d, 1H, H5), 7.87 (s, 1H, CH=), 7.86 (d,
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2H, H2\ H6 '), 7.62 (d, 1H, H2), 7.36-7.52 (m, 5H, H6 , H7, H3', H4', H5'), 6.76 
(d, 1H, H3), 4.26 (q, 2H, CH20 , J  = 7.1 Hz), 1.29 (t, 3H, CH3, J  = 7.1 Hz). 13C 
NMR (THF-dg, 100 MHz, ppm) 167.1 (CO), 165.8 (CO), 155.7 (C4), 135.5, 
134.1,131.9,129.9 (CH=), 128.9,128.8,128.7,128.5,127.5,126.0,125.3,124.6,
123.7 (C5), 122.9 (C8 ), 108.4 (C3), 61.4 (OCH2), 14.2 (CH3). MS, m/z (relative 
intensity) 361 (M+), 240,183,182,154,128,127,105,77 (100).
Anal. Calcd. for C22H 19N 0 4 (361.4): C, 73.12; H, 5.30; N, 3.88. Found: 






E thyl (±) -2-(N-Benzoylamino)-3- (4-hydroxy-1 -naphthyl)propanoate . A
P arr hydrogenation bottle was charged with compound ethyl (Z)-2-(N- 
benzoylamino)-3-(4-hydroxy-l-naphthyl)propenoate (3.0 g, 14 mmoles), 10% 
Pd/C (0.5 g) and absolute ethanol (150 mL). The reaction vessel was placed 
under 45 psi hydrogen pressure and the reaction was allowed to proceed for 
8  hrs. The mixture was filtered through a celite pad and the pad was 
washed w ith absolute ethanol (10 mL) three times. The filtrate and 
washings were combined and the solvent was evaporated under reduced 
pressure. The resu ltin g  dark  brown oil was purified  by flash 
chromatography on a silica gel column (DCM-ethanol, 95:5) to give the 
product as a pale oil which crystallized from hot 2 -propanol as colorless 
crystals (3.8 g, 75%); mp 159-162°C. UV (MeOH) 210 (e 47 400), 236 (e 43 500), 
326 (e 9 400); IR (KBr pellet) 3500-2900 (broad), 1722, 1643 cm’1. *H NMR
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(THF-d8, 200 MHz) 8  8.85 (s, 1H), 8.25 (d, 1H, H8 ), 8.12 (d, 1H, H5), 7.71-7.79 
(m, 1H, H3', H 4\ H5’), 7.31-7.52 (m, 4H, H6 , H7, H 2 \  H 6 '), 7.16 (d, 1H, H2), 
6.67 (d, 1H, H3), 4.96 (q, 1H, CH stereocenter), 4.00-4.12 (m, 2H, OCH2), 3.49- 
3.60 (m, 2H, ArCH2), 1.11 (t, 3H, CH3). 13C NMR (THF-dg, 50 MHz, ppm)
172.7 (CO), 167.2 (CO), 153.8 (C4), 135.8,134.3,131.7,128.8,128.4 (C2 ), 128.2,
126.9,126.5,124.9,124.8,124.3 (C5), 123.8 (C8 ), 107.9 (C3), 61.3 (CH20), 54.8 
(CH stereocenter), 35.3 (ArCH2), 14.4 (CH3). MS, m/z (relative intensity) 363 
(M+), 242 (100), 207,169,161,157,128,105,77.
Anal. Calcd. for C22H2 iN 0 4 (363.4): C, 72.71; H, 5.82; N, 3.85. Found: 







(±)-2-(N-Benzoylamino)-3-(4-hydroxy-1 -naphthyl)propanoic Acid. Ethyl 
(±)-2-(N-benzoylamino)-3-(4-hydroxy-l-naphthyl)propanoate (2 .0  g, 5.51 
mmoles) was dissolved in 2M KOH (25 mL) and stirred under argon a t 30°C 
for 24 hrs. The solution was decolorized and filtered. The filtrate was 
placed in  an ice bath  and slowly acidified with cold 10% HC1 until a 
yellowish solid formed, i t  was filtered, thoroughly washed with w ater and 
dried. This solid was redissolved in a saturated  solution of N aH C03 and 
any solids were removed by filtration. The filtrate was acidified with 10% 
HC1 and an off-white solid formed. Crystallization from ethanol-water 
provided yellowish crystals (1.7 g, 92%); mp 222-225°C (decomp). X-ray
quality crystals were grown from slow evaporation of the above solvent 
system. UV (MeOH) 212 (e 40 600), 236 (e 34 600), 304 (e 8  200) nm; IR (KBr 
pellet) 3600-3300 (broad), 1726, 1713 cm '1. 1H NMR (DMSO-de, 200 MHz) 5 
12.79 (s, 1H), 9.96 (s, 1H), 8.15 (d, 1H, H8 ), 8.06 (d, 1H, H5), 7.76 (dd, 2H, H2 ', 
H6 '), 7.26-7.74 (m, 5H, H6 , H7, H3’, H4', H5'), 7.29 (d, 1H, H2), 6.74 (d, 1H, 
H3), 4.61-4.73 (m, 1H, CH stereocenter), 3.26-3.66 (m, 2H, ArCH2). 13c NMR 
(DMSO-dg, 50 MHz, ppm) 173.4 (CO), 166.3 (CO), 152.2 (C4), 133.9, 132.4, 
131.3,128.2 (C2 ), 127.8,127.3,126.3,124.9,124.2,123.9,123.1,122.7 (C8 ), 107.3 
(C3), 53.6 (CH stereocenter), 33.3 (ArCH2). MS, m/z (relative intensity) 335 
(M+), 289,214,169,157,128,105,77 (100).
Anal. Calcd. for C20H 17NO4 (335.4): C, 71.63; H, 5.11; N, 4.17. Found: 
C, 71.33; H 5.17; N 4 .l l .
COOH
NaOH, aq. EtOH, A
OAc OH
(Z)-2-(N-Benzoylamino)-3-(4-hydroxy-l-naphthyl)propenoic Acid. (Z)-2- 
Phenyl-4-(4-acetoxy-l-naphthylidene)-5-oxazolone (3.0 g, 8.4 mmoles) was 
suspended in a 1% NaOH solution made up in 70% ethanol (100 mL) and 
vigorously refluxed with stirring for 15 min. The flask was cooled in an ice 
bath and the resulting deep red solution was slowly acidified with cold conc. 
HC1 to pH 1, then water (50 mL) was added. The solution was placed in the 
refrigerator overnight and a precipitate separated out. I t was filtered, 
washed with water, and dried. Crystallization from ethanol-water afforded
yellow crystals (2.4 g, 8 6 %); mp 214-216°C. X-ray quality crystals were 
grown from slow evaporation of the above solvent system. UV (MeOH) 204 (e 
34 000), 240 (e 32 000), 336 (e 13 000); IR (KBr pellet) 1674,1641 cm'1. *H NMR 
(C6D6-DMSO-d6 9:1,400 MHz) 8 10.67 (s, 1H), 9.88 (s, 1H), 8.49-8.53 (m, 1H, 
H5), 8.33 (s, 1H, CH=), 8.15 (dd, 2H, H2 ', H6 '), 7.97-8.01 (m, 2H, H2, H8 ), 
7.27-7.31 (m, 2H, H6 , H7), 7.15-7.19 (m, 3H, H3', H4', H5’), 7.07 (d, 1H, H3). 
13C NMR (DMSO-d6, 100 MHz, ppm) 166.5 (CO), 166.2 (CO), 154.6 (C4),
133.7,132.6,131.6,130.2,128.3,127.9,127.6,127.1,126.9,124.7,124.5,123.5,
122.6, 120.9, 107.8. MS, m/z (relative intensity) 289 (M-CO2-H2O), 184, 168, 
154,105,77,44(100).
Anal. Calcd. for C2oH15N 0 4 -H20  (351.33): C, 68.37; H, 4.87; N, 3.98. 
Found: C, 68.17, H 4.76; N, 3.85.
COOH COOH
NHCOPh
6N  HC1, dioxane, A
OH OH
(±)-2-Am ino-3-(4-hydroxy-l-naphthyl)propanoic Acid H ydrochloride 
from  (±)-2-(N-Benzoylamino)-3-(4-hydroxy-l-naphthyl)propanoic Acid. (+)- 
2-(N-Benzoylamino)-3-(4-hydroxy-l-naphthyl)propanoic acid (3.0 g, 8.26 
mmoles) was suspended in  a mixture of 6 N HC1 (40 mL) and dioxane (10 
mL) and th is mixture was refluxed w ith stirring under argon for 20 hrs. 
This solution was allowed to cool and w ater (50 mL) was added. The 
precipitate was removed by filtration and the filtrate was extracted with 
ethyl ether (5 X 100 mL). The aqueous solution was fractional distilled 
under vacuum (0.2-0.5 mmHg); additional w ater (50 mL) was added and
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vacuum distilled again. The residue was tritu ra ted  several times with 
ethyl ether until a nonhygroscopic solid was obtained. The residue was 
dried under vacuum a t room tem perature to afford a brown powdery solid 
(1.8 g, 81%); mp 189-194°C (decomp, sealed tube). UV (MeOH) 212 (e 29 000), 
236 (e 24 500), 302 (e 4 900) nm; IR (KBr pellet) 3600-2500 (broad), 1730 cm’1. 
1H NMR (DMSO-dg, 400 MHz) 5 8.18 (d, 1H, H8 ), 8.07 (d, 1 H, H5), 7.55 (t, 
1H, H6 ), 7.46 (t, 1H, H7), 7.20 (d, 1H, H2), 6.87 (d, 1H, H3), 3.33-3.62 (m, 3H, 
ArCH2, CH stereocenter). 13C NMR (DMSO-dg, 100 MHz, ppm) 170.4 (CO), 
153.1 (C4), 132.4,128.7 (C2 ), 126.5,125.1,124.3 (C5), 123.3 (C8 ), 122.8,120.9,
107.6 (C3), 52.9 (CH stereocenter), 33.2 (CH2). MS (FAB/MS/MS) m/z 232, 
(M-Cl), 215,186,173,145.
Anal. Calcd. for C13H 13N 0 3-HC1-H20  (285.7): C, 54.65; H, 5.65; N, 4.90. 
Found: C, 54.94; H, 5.30; N, 5.06.
COOEt COOH
NHCOPh
6M HCI, dioxane, A
OH OH
(±)-2-Am ino-3-(4-hydroxy-1-naphthyl) propanoic Acid H ydrochloride 
from Ethyl (±)-2-(N-Benzoylamino)-3-(4-hydroxy-l-naphthyl)propanoate.
Ethyl (±)-2-(N-benzoylamino)-3-(4-hydroxy-l-naphthyl)propanoate (1.5 g, 
4.47 mmoles) was suspended in a mixture of 6N HCI (30 mL) and dioxane 
(10 mL) and th is mixture was refluxed w ith stirring under argon for 20 
hrs. The product was isolated according to the workup procedure described 





6-B rom o-2-naphthol. This compound was prepared according to the
fitted with mechanical stirrer, addition funnel, and therm om eter were 
placed p-naphthol (144.0 g, 1.0 mole), and HOAc (400 mL). Bromine (320.0 
g, 2.0 moles) dissolved in  HOAc (100 mL) was added dropwise with cooling 
to avoid excessive loss of HBr. W ater (100 mL) was added and the solution 
was brought up to reflux; it  was allowed to cool to 100°C and Sn metal (25.0 
g, 0 .21  gram atom) was added and the reflux was resumed until complete 
dissolution of the metal. A second portion of Sn (25.0 g, 0.21 gram atom) 
was added and once dissolved a third portion of Sn (100.0 g, 0.84 gram atom) 
was added; the reaction mixture was refluxed for 3 hrs. The mixture was 
allowed to cool to 50-55°C and filtered. The tin salts were washed with cold 
HOAc (2 X 100 mL) and the filtrate was poured onto water (3.0 L), stirred 
vigorously and the precipitate th a t formed was thoroughly washed with 
water. Crystallization from HO Ac-water (1:2) afforded 6 -bromo-2 -naphthol
in a 96% yield; mp 124-129°C (lit14 127-129°C). XH NMR (DMSO-de, 200
7.46 (dd, 1H, Ar H), 7.09-7.14 (m, 2H, Ar H). 13C NMR (DMSO-d6, 50 MHz,
procedure reported by Koelsch .14 In a three neck round bottomed flask
MHz) 8 9.93 (s, 1H), 8.01 (d, 1H, Ar H), 7.74 (d, 1H, Ar H), 7.64 (d, 1H, Ar H),
ppm) 155.8, 133.2,129.4, 128.9,128.7,128.3,119.8,115.3,108.8, missing one 
13C resonance.
M e2S 0 4, aq. NaOH
Br Br
6 -B ro m o -2 -m e th o x y n a p h th a le n e . This compound was prepared 
following the procedure reported by Kern and Sears with slight variation . 15 
In a 5 L three neck round bottomed flask fitted with condenser, mechanical 
stirrer, addition funnel and therm om eter was placed NaOH (80.0 g, 2.0 
moles), and w ater (3.0 L). After complete dissolution 6-bromo-2-naphthol 
(223.0 g, 1.0 mole) was added and the mixture was warmed up to 70°C. The 
heating was discontinued and Me2S 0 4 (126.0 g, 1.0 mole) was added 
dropwise a t such a ra te  th a t the tem perature was m aintained. After 
addition the mixture was allowed to rem ain a t 70°C for 15 min. and then 
cooled to 10°C. The heating was resumed and the temperature stabilized at 
70°C; the heating was discontinued and a second portion of Me2S0 4 (63.0 g, 
0.5 moles) was added dropwise m aintaining the tem perature a t 70°C. The 
reaction mixture was cooled in  an ice bath  and the solid th a t formed was 
filtered and washed w ith w ater and dried. The product sublimed as 
colorless crystals (190.0 g, 80%); mp 105-107°C (lit15 102-107°C). iH  NMR 
(CDClg, 200 MHz) 8 7.89 (d, 1H, Ar H), 7.59 (m, 2H, Ar H), 7.47 (dd, 1H, Ar 
H), 7.16 (dd, 1H, Ar H), 7.06 (d, 1H, Ar H), 3.89 (s, 3H, OCH3). 16C NMR 
(CDClg, 50 MHz, ppm) 157.9, 133.0, 130.0, 129.6, 128.5, 128.4, 119.7, 117.0,
105.8, 55.3 (OCHg), missing one 13C resonance.
2) DMF
6-M ethoxy-2-naphthaldehyde. This compound was prepared according 
to the  procedure reported  by Eriguchi and Takegoshi w ith slight 
v a ria tio n . 16 In a 500 mL round bottomed flask fitted w ith condenser, 
addition funnel, mechanical stirrer were placed Mg turnings (5.7 g, 0.236
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gram atom) and suspended in  a small volume of dry THF under argon. A 
few drops of 6-bromo-2-methoxynaphthalene (50.0 g, 0.211 moles) dissolved 
in THF (175 mL) was run in. This mixture was warmed up to boiling but 
no reaction was observed. Three drops of 1,2-dibromoethane were added 
and the reaction started . The halide solution was added dropwise 
m aintaining a gentle reflux; the reaction was refluxed for 3 hrs and then 
cooled to 5°C A solution of DMF (31.0 g, 0.424 moles) dissolved in dry THF 
(100 mL) was added dropwise and after complete addition the mixture was 
cooled to room tem perature and stirred for 1 hr.; the mixture was refluxed 
for 2 hrs, allowed to cool to room tem perature and poured onto 5% H2S 0 4 
(300 mL). The precipitate was filtered, dried and crystallized from CHC13- 
hexane (25.0 g, 65%); mp 75-77°C (lit16 81-82°C). *H NMR (DMSO-de, 200
(Z)-2-Phenyl-4-(6-methoxy-2-naphthylidene)-5-oxazolone. A mixture of 
6-methoxy-2-naphthaldehyde (9.3 g, 50 mmoles), hippuric acid (9.5 g, 50 
mmoles), fresh anhydrous sodium acetate (4.1 g, 50 mmoles) and fresh 
acetic anhydride (20 mL, 0.211 moles) was heated with continuous stirring. 
The slurry was heated a t 100°C for 2  min; it was cooled and 95% ethanol
MHz) 8 10.05 (s, 1H, CHO), 8.45 (s,lH , Ar H), 8.03 (d, 1H, Ar H), 7.81-7.94 
(m, 2H, Ar H), 7.42 (d, 1H, Ar H), 7.27 (dd, 1H, Ar H), 3.9 (s, 3H, OCH3). 13C 










(100 mL) was added slowly. The suspension was placed in  an ice bath 
where a yellow solid formed, th is m aterial was crushed. The solid was 
filtered off, washed successively with cold water and cold ethanol. The solid 
was dried and crystallized from hot benzene to afford yellow needles (11.4 g, 
70.5%); mp 216-217°C. UV (2-propanol) 224 (e 340 000), 254 (e 167 500), 298 (e 
105 700), 416 (e 361 000) nm; IR (KBr pellet) 1788, 1772 cm '1. *H NMR 
(CDClg, 400 MHz) 8 8.48 (dd, 1H, H3), 8.43 (s, 1H, HI), 8 .22  (dd, 2H, H2', H6 ’), 
7.84 (d, 1H, H8 ), 7.62-7.53 (m, 3H, H3’, H 4\ H5’), 7.39 (s, 1H, CH=), 7.19 (dd, 
1H, H7), 7.15 (d, 1H, H5), 3.95 (s, 3H, OCHg). 13C NMR (CDClg, 50 MHz, 
ppm) 167.8, 163.0, 159.7 (C6 ), 136.2, 134.0, 133.1, 132.5, 132.3, 130.8, 129.4,
128.9,128.7,128.3,127.5,125.9,119.5 (C7), 106.1 (C5), 55.5 (OCH3). MS, m/z 
(relative intensity) 329 (M+), 314,196,153,106,105 (100), 77.
Anal. Calcd. for C21H 15N 0 3 (329.3): C, 76.58; H, 4.59; N, 4.25. Found: 
C, 76.62; H, 4.61; N, 4.23.
COOEtNaOEt, EtOH
NHCOPh
E thyl (Z)-2-(N-Benzoylam ino)-3-(6-m ethoxy-2-naphthyl)propenoate.
Sodium (1.0 g, 0.0435, gram  atom) was dissolved in absolute ethanol (200 
mL) under argon. The solution was cooled to 0-5°C and (Z)-2-phenyl-4-(6- 
methoxy-2-naphthylidene)-5-oxazolone (12.2 g, 40 mmoles) was added in 
small portions, after complete addition the mixture was stirred a t 0-5°C for 
4 hrs. The m ixture was poured onto cold w ater (250 mL) and slowly 
acidified with cold 10% HCI. The resulting milky solution was extracted 
with chloroform (3 X 100 mL); the extract was dried over anh. Na2S 0 4 and
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the solvent evaporated under reduced pressure. The resulting brown oil 
solidified upon standing; th is solid crystallized from benzene-isooctane to 
afford yellow needles (10.7 g, 71%); mp 112-115°C. UV (MeOH) 202 (e 24 
900), 222 (e 36 800), 272 (e 27 100) nm; IR (KBr pellet) 3273, 1709 cm'1. XH
(OCH3), 14.6 (CH3). MS (m/z, relative intensity) 375 (M+, 100), 329, 303, 270,
E thyl (±)-2-Benzoylamino-3-(6-methoxy-2-naphthyl)propanoate. A Pan- 
hydrogenation bottle was charged with ethyl (Z)-2-(N-benzoylamino)-3-(6- 
methoxy-2-naphthyl)propenoate (4.1 g, 11 mmoles), 10% Pd/C (0.5 g) and 
absolute ethanol (200 mL). The reaction vessel was placed under 45 psi 
hydrogen pressure and the reaction was allowed to proceed for 8 hrs. The 
mixture was filtered through a celite pad and th is pad was washed three 
times with absolute ethanol (20 mL). The filtrate and the washings were 
combined and the solvent was evaporated to a small volume under reduced 
pressure; after allowing the solution to sit for a 3 hrs in the refrigerator a 
white solid separated out which crystallized from absolute ethanol (4.0 g,
NMR (THF-ds , 400 MHz) 8 8.01 (s, 1H, CH=), 7.98 (d, 2H, H2 ’, H6 '), 7.75 (d, 
1H, H3), 7.69 (d, 1H, H8 ), 7.68 (d, 1H, H4), 7.44-7.52 (m, 4H, H I, H3’, H4’, 
H5'), 7.18 (d, 1H, H5), 7.10 (dd, 1H, H7), 4.24 (q, 2H, CH2, J  = 7.4 Hz), 3.88 (s, 
3H, OCH3), 1.28 (t, 3H, CH3, J  = 7.2 Hz). 13C NMR (THF-dg, 100 MHz, ppm)
165.8,159.8,158.2,135.9,132.9,132.1,131.1,130.7,129.7,129.1,128.5,127.8,
127.6, 127.0, 126.7, 123.7, 122.6, 119.9 (C7), 106.5 (C5), 61.5 (OCH2), 55.5
224,197,153,105, 77. HR-MS, m/z (M+) Calcd. 375.1471; Obsd. 375.1470.
_ ,C O O E t





96%); mp 129-130°C. UV (MeOH) 202 (e 15 600), 230 (e 70 900) nm; IR (KBr 
pellet) 3333, 1753,1633 cm'1. *H NMR (CDC13, 400 MHz) 5 7.72 (d, 1H, H2\ 
H5'), 7.65 (d, 1H, H8 ), 7.63 (d, 1H, H4), 7.53 (s, 1H, H5), 7.47-7.51 (m, 1H, 
H4’), 7.38-7.42 (m, 2H, H3\ H5'), 7.24 (dd, 1H, H7), 7.10-7.14 (m, 2H, H I, H3), 
6.63 (d, 1H, NH), 5.13 (m, 1H, CH stereocenter), 4.21 (q, 2H, OCH2, J  = 6.9 
Hz), 3.90 (s, 3H, OCH3), 3.39 (m, 2 H, ArCH2), 1.26 (t, 3H, CH3, J  = 6.8  Hz). 
13C NMR (CDClg, 100 MHz, ppm) 171.7 (CO), 166.9 (CO), 157.6 (C6 ), 134.0,
133.6, 131.7, 131.1, 129.0, 128.9, 128.6, 128.0, 127.1, 127.0, 119.0 (C7), 105.7 
(C5), 61.7 (OCH2), 55.3 (CH stereocenter), 53.7 (OCH3), 37.9 (ArCH2), 14.2 
(CH3). MS, m/z (relative intensity) 377 (M+), 256 (100), 212,171,128,105, 74.
Anal. Calcd. for C23H23N0 4 (377.4): C, 73.20; H, 6.14; N, 3.71. Found: 
C, 73.05; H, 6.14; N, 3.65.




(±)-2-(N-Benzoylamino)-3-(6-methoxy-2-naphthyl)propanoic acid. Ethyl 
(±)-2-benzoylam ino-3-(6-m ethoxy-2-naphthyl)propanoate (2.5 g, 6 .6 6  
mmoles) was suspended in a  mixture of 2N NaOH (40 mL) and absolute 
ethanol (40 mL). The mixture was stirred a t room tem perature for 3 hrs 
and the resulting solution was filtered. The filtrate was neutralized slowly 
w ith 10% HCI and a white precipitate formed. I t was filtered and 
thoroughly washed with w ater and dried. It crystallized from hot ethanol 
as colorless crystals (2.3 g, 99%); mp 174-175°C. UV (MeOH) 230 (e 110 000) 
nm; IR (KBr pellet) 3500-2750 (broad), 1743, 1615, cm '1. *H NMR (DMSO- 
d6, 200 MHz) 5 12.76 (s, 1H), 8.76 (d, 1H, NH), 7.69-7.89 (m, 5H, Ar H), 7.38-
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7.50 (m, 4H, Ar H), 7.24 (d, 1H, H5), 7.09 (dd, 1H, H7), 4.64-4.75 (m, 1H, CH 
stereocenter), 3.82 (s, 3H, OCH3), 3.13-3.37 (m, 2H, ArCH2). 13C NMR 
(DMSO-dg, 50 MHz, ppm) 173.1 (CO), 160.2 (CO), 156.9 (C6 ), 133.9, 133.3,
133.0, 131.3, 128.8, 128.4, 128.2, 128.0, 127.3, 127.2, 126.5, 118.5 (C7), 105.7 
(C5), 55.1 (CH30), 54.3 (CH stereocenter), 36.3 (ArCH2). MS, m/z (relative 
intensity) 349 (M+), 303,228,184,171 (100), 156,128,105, 77.
Anal. Calcd. for C21H 19N 0 4 (349.4): C, 72.19; H, 5.48; N, 4.01. Found: 
C, 72.12; H, 5.48; N, 4.00.
COOH1% NaOH, A
aq. EtOH NHCOPh
(Z)-2-(N-Benzoylamino)-3-(6-methoxy-2-naphthyl)propenoic acid. (Z>2- 
Phenyl-4-(6-methoxy-2-naphthylidene)-5-oxazolone (3.0 g, 9.11 mmoles) was 
suspended in a 1% NaOH solution made up in 70% ethanol (100 mL) and 
vigorously refluxed with stirring for 15 min. The flask was cooled in an ice 
bath and then the yellow solution was slowly acidified with cold conc. HCI to 
pH 1 and placed in  the refrigerator for 3 hrs. where a solid m aterial 
separated out. I t  was filtered, washed with water, and dried. Treatm ent 
with hot 95% ethanol and decolorization yielded an almost white product 
(2.8 g, 89%); mp 223-225°C. UV (MeOH) 204 (e 24 000), 220 (e 33 500), 240 (e 29 
800), 320 (e 23 000); IR (KBr pellet) 1693,1645 cm"1. lH NMR (C6D6-DMSO- 
d6 9:1, 400 MHz) 5 8.34 (d, 2H, H2 \  H6 '), 7.89-7.94 (m, 3H, CH=, H I, H3), 
7.41-7.46 (m, 2H, H4, H8 ), 7.14-7.24 (m, 3H, H3’, H4’, H5’), 7.03 (dd, 1H, H7), 
6.90 (d, 1H, H5), 3.95 (s, 3H, Ar H). 13C NMR (DMSO-d6, 50 MHz, ppm)
eo
166.4 (CO), 166.0 (CO), 158.3 (C6 ), 134. 6 , 133.7, 133.4, 131.7, 130.3, 129.9,
129.1, 128. 5, 128.5, 127.7, 126.8, 126.7, 126.6, 119. 2  (C7), 105.9 (C5), 55.3 
(OCH3). MS, m/z (relative intensity) 347 (M+), 303,198, 154,129, 105 (100), 
77.
Anal. Calcd. for C21H 17N 0 4 (347.37): C, 72.61; H, 4.93; N, 4.03. Found: 




(±)-2-(N-Benzoylamino)-3-(6-methoxy-2-naphthyl)propanoic acid (3.0 g, 8 .6  
mmoles) was suspended in 48% HBr (20 mL) and the mixture was refluxed 
overnight under argon. The hot solution was treated  with decolorizing 
charcoal and filtered through a celite pad, the pad was washed with warm 
w ater (40 mL). and then allowed to cool down to room temperature. The 
precipitate was removed by filtration and the filtrate was extracted with 
ethyl ether (5 X 60 mL). The aqueous solution was fractional distilled 
under vacuum (0.2-0.5 mmHg); to the residue, water (50 mL) was added 
and vacuum distilled again. The resulting residue was tritu rated  several 
times with ethyl ether until a nonhygroscopic solid was obtained; it  was 
dried under vacuum to give a pink m aterial (2.3 g, 8 6 %); mp 248-251°C 
(decomp, sealed tube). UV (MeOH) 230 (e 58 500), 334 (e 1 800) nm; IR (KBr 
pellet) 3600-2400 (broad), 1732 cm'1. *H NMR (DMSO-d<y, 400 MHz) 8 7.67 (d, 
1H, H8 ), 7.63-7.65 (m, 2H, H I, H4), 7.28 (dd, 2H, H3), 7.10 (d, 1H, H5), 7.08 
(dd, 1H, H7), 4.23 (t, CH stereocenter, J  = 6.3 Hz), 3.21 (d, 2H, ArCH2, J  = 6.3
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Hz). 13c NMR (DMSO-rf6, 100 MHz, ppm) 170.4 (CO), 155.3 (C6 ), 133.8 (CIO),
stereocenter), 35.7 (CH2). MS (FAB/MS/MS), m/z 232 (M-Br), 215, 186, 173, 
145. HR-MS (FAB, M-HBr): Calcd. 232.0974; Obsd. 232.0972.
H
H y d a n to in -5 -sp iro -2 '- in d an e . 2-Indanone (26.9 g, 0.204 moles) was 
suspended in  a m ixture of ethanol (420 mL) and w ater (420 mL). 
Ammonium carbonate (220.0 g, 2.30 moles) was added followed by NaCN 
(29.3 g, 0.60 moles), this mixture was heated up to 55-60°C and vigorously 
stirred for 12 hrs. The brown solid tha t separated upon cooling was filtered 
off; the m other liquor was concentrated to h a lf volume, cooled and 
neutralized with conc. HCI to furnish a second crop of the product. The 
solid was dissolved in hot ethanol and then  treated  with decolorizing 
charcoal to afford white plates (28.9 g, 70%); mp 261-265°C (lit18b 260-267°C). 
*H NMR (DMSO-dg, 200 MHz) 5 10.72 (br s, 1H, CONHCO), 8.39 (br s, 1H, 
CONH), 7.22-7.17 (m, 4H, Ar H), 3.36 (d, 2H, CH2, J  = 16.6 Hz), 3.06 (d, 2H, 
CH2, J  = 16.6 Hz). 13C NMR (DMSO-d6, 50 MHz, ppm) 178.4, 156.3, 139.6,
126.8,124.1, 67.7,43.4. MS, m/z (relative intensity) 202 (M+, 63), 185 (37), 159 
(17), 130 (59), 116 (61), 103 (100), 89 (47), 77 (59).
129.0 (C8 ), 128.8 (C2), 128.1,127.6 (C3), 126.4,118.8 (C5), 108.5 (C7), 53.2 (CH





Spiro[5-nitro indan]-2 ,5 '-hydantoin . Hydantoin-5-spiro-2'-indane (9.0 g,
44.6 mmoles) was dissolved in conc. H N 03 (100 mL) and stirred a t 30°C for 1 
hr. The solution was poured onto icy w ater and the yellow solid th a t 
separated was filtered, washed thoroughly with water and dried in the oven 
a t 110°C for 3 hrs. Crystallization from hot ethanol provided yellow crystals 
(9.5 g, 8 6 %); mp 251-256°C (lit18a 255-258°C). *H NMR (DMSO-de, 200 MHz) 
8 10.81 (br s, 1H), 8.41 (s, 1H, Ar H), 8.07 (d, 1H, Ar H), 7.48 (d, 1H, Ar H), 
3.45 (d, 2H, CH2, J  = 17.4 Hz), 3.18 (d, 2H, CH2, J  = 17.4 Hz). 13C (DMSO-d6, 
50 MHz, ppm) 177.7,156.1, 148.1,147.0,141.9,125.1,122.4,119.2, 68.0,43.1,
42.8. MS, m/z (relative intensity) 247 (M+), 230,103, 91, 77 (100).
H9) EtOH
Spiro[5-am inoindan]-2,5 '-hydantoin. Spiro(5-nitroindan)-2,5'-hydantoin 
(7.85 g, 31.80 mmoles) was dissolved in  absolute ethanol (200 mL) and 
placed in  a P arr hydrogenation bottle, and 10% Pd/C (0.5 g) was added. The 
bottle was placed under 50 psi hydrogen pressure, and shaken for 6  hrs. 
The bottle was removed, celite was added, and the suspension was filtered 
through a celite pad. The filtrate was decolorized and the solvent removed 
under reduced pressure un til cloudiness. The brown powdery m aterial 
that separated was dried in the oven a t 110°C for 4 hrs (6.9 g, 90%); mp 220- 
223°C (litlSa 221-223°C). *H NMR (DMSO-d6, 200 MHz) 8 10.64 (br s, 1H), 
8.37 (s, 1H), 6.85 (d, 1H, Ar H), 6.39-6.41 (m, 2 H, Ar H), 4.91 (br s, 2H, NH2), 
3.20 (dd, 2H, CH2, J  = 4.3 Hz, J  = 16.5 Hz), 2.88 (dd, 2H, CH2, J  = 4.4 Hz, J  =
63
16.3 Hz). 13C (DMSO-dg, 50 MHz, ppm) 178.6, 156.3, 147.8, 140.2, 126.4,
124.2,113.0,109.5, 68.0,43.6, 42.9. MS, m/z (relative intensity) 217 (M+, 89), 
200 (43), 145 (65), 130 (100), 118 (60), 91 (52).
S p iro [5 -h y d ro x y in d an ]2 * 5 '* h y d a iito iii. Spiro(5-aminoindan)-2,5- 
hydantoin (4.4 g, 20.0 mmoles) was dissolved in  10% H2SC>4 (80 mL) and 
cooled to 0-5°C, then N aN 02 (1.4 g, 2 0 .0  mmoles) in water (10  mL) was 
added dropwise with stirring and m aintaining the tem perature a t 0-5°C. 
The resulting brown solution was stirred for 1 h r and then the ice bath  was 
removed and replaced with a  heating mantle. The reaction mixture was 
heated up to 70°C, and kept a t this tem perature until the evolution of 
nitrogen ceased. To the warm solution, decolorizing charcoal was added 
and filtered through a celite pad. The yellow solution was concentrated 
until cloudiness and placed in the refrigerator overnight where yellow
powdery crystals separated; crystallization from ethanol gave yellow 
crystals (1.01 g, 25%); mp 298-302°C (lit^ a  300-303). *H NMR (DMSO-de,
J  = 7.0 Hz, J  = 16.5 Hz). 13C (DMSO-d6, 50 MHz, ppm) 178.4, 156.6, 156.2,
140.9,129.5, 124.6, 113.9, 110.9, 68.1,43.5, 42.7. MS, m/z (relative intensity) 
218 (M+, 80), 201 (47), 146 (57), 132 (100), 120 (66 ), 91 (94).
H H
N ^ O  1) NaN02, H'
200 MHz) 510.67 (s, 1H), 9.19 (s, 1H), 8.35 (s, 1H), 6.97 (d, 1H, Ar H), 6.56-6.60 
(m, 2H, Ar H), 3.24 (dd, 2H, CH2, J  = 6.9 Hz, J  = 16.5 Hz), 2.94 (dd, 2H, CH2,
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Ba(OH)2, A
2-Amino-5-hydroxyindan-2-carboxylic Acid. Spiro(5-hydroxyindan)2,5'- 
hydantoin (2.0 g, 9.2 mmoles), Ba(0H)2-8H20  (6.0 g, 19.0 mmoles), and 
water (30 mL) were placed in  a P arr high pressure bomb. The bomb was 
evacuated and flushed with dry argon five times. The bomb was placed in a 
sand bath  a t 155-160°C for 24 hrs. After cooling the off-white solid tha t 
remained was taken up in warm water (30 mL); this solution was treated 
with excess dry ice and the solid tha t formed was filtered and washed with 
w ater (20 mL). The filtrate  and the mother liquor were combined and 
gently evaporated to dryness. The remaining yellowish solid was dissolved 
in hot water and treated w ith decolorizing charcoal, and filtered to afford 
colorless crystals (1.0 g, 56%); mp 306-309°C (decomp, sealed tube) (lit18a 
252-254°C). XH NMR (DMSO-d6, 200 MHz) 5 10.67 (s, 1H), 9.10 (s, 1H), 8.35 
(s, 1H), 6.97 (d, 1H, Ar H), 6.56-6.60 (m, 2H, Ar H), 3.24 (dd, 2H, CH2, J  = 6.7 
Hz, J  = 16.5 Hz) 2.94 (dd, 2H, CH2, J  = 6 .8  Hz, J  = 16.5 Hz). 13C (DMSO-<26, 
50 MHz, ppm) 172.5 (COO), 156.7 (C5), 141.8, 130.2,124.6,113.8,111.1, 65.5 
(C2), 43.1 (CH2), 42.3 (CH2). MS, m/z (relative intensity) 193 (M+), 176 (40), 
148 (100), 131 (49), 91 (34).
Me2S04, acetone
k 2c o 3, A % h 30
2 ,6-D im ethoxynaph thalene. A mixture of technical grade (90% purity)
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2,6-dihydroxyoxynaphthalene (45.0 g, 0.28 moles), Me2S0 4  (77.7 g, 0.616 
moles) and anh. K2C 0 3 (97.00 g, 0.70 moles) in dry acetone (600 mL) was 
refluxed with stirring for 48 hrs under argon; the mixture was allowed to 
cool, and placed in an ice bath. The solids were filtered and washed three 
times with acetone and once w ith DCM; the solvents were evaporated 
under reduced pressure and the resulting residue was taken up in  DCM 
(300 mL). It was washed with 0.5N NaOH (5 X 150 mL), then with water (2 
X 150 mL) and dried over anh. MgSO^ The DCM was evaporated under 
reduced pressure and the resulting solid crystallized from benzene (17.01 g, 
33%); mp 151-153°C (lit3l 152-153°C). *H NMR (CDC13, 200 MHz) 8 7.62 (d, 
2H, Ar H), 7.07 (m, 4H, Ar H), 3.87 (s, 6H, 2 X OCH3). 13C NMR (CDClg, 50 
MHz, ppm) 156.0,129.7,128.1,128.1,118.8,106.0,55.2.
3 ,4 > D ih y d r o * 2 ,6 - d im e th o x y n a p h th a le n e .  A m ixture of 2,6- 
dimethoxynaphthalene (4.0 g, 21.3 mmoles), sodium m etal (10.0g, 0.438 
atom gram) in  isopentyl alcohol (100 mL) was refluxed for 2 hrs. The 
reaction m ixture was allowed to cool and another portion of isopentyl 
alcohol (50 mL) was added. The reflux was reassumed and continued for 5 
hrs. The solution was cooled to room tem perature and water (50 mL) was 
added. The layers were separated and the alcohol was removed by simple 
distillation a t room pressure. The residue solidified on cooling, and was 
crystallized from hot ethanol to obtain colorless plates (2.9 g, 72%) mp 84- 
85°C (litl9a 83-84°C). *H NMR (CDC13, 200 MHz) 8 6.85-6.89 (m, 1H, Ar H),
6.63-6.67 (m, 2H, Ar H), 5.49 (s, 1H, CH=), 3.77 (s, 3H, OCH3), 3.67 (s, 3H, 




6 -M eth o x y -2 -sp iro h y d an to in te tra lin . A mixture of 3,4-Dihydro-2,6- 
dimethoxynaphthalene (1.92 g, 10.1 mmoles), 10% HCI (5 mL), and ethanol 
(20 mL) was warmed up in  a w ater bath  for 5 m in with stirring. The 
solution was allowed to cool and poured onto cold w ater (100 mL), and 
extracted with ethyl ether (5 X 50 mL). The ethyl ether was evaporated 
under reduced pressure and a brown residue remained; XNMR (CDC13, 100 
MHz) 5 6.99-7.09 (m, 1H, Ar H), 6.73-6.80 (m, 2H, Ar H), 3.80 (s, 3H, OCH3), 
3.52 (s, 2H, H I, H I’), 3.03 (t, 2 H, H4, H4'), 2.53 (t, 2H, H3, H3'). The residue 
was mixed with (NH4)2C 0 3 (2.69 g, 31.3 mmoles), KCN (0.91 g, 13.9 mmoles) 
and 2-propanol (12 mL). The mixture was heated up to 55-60°C and the 
tem perature was m aintained overnight. The m ixture was cooled and 
diluted with water (20 mL), and the precipitate was collected by filtration. 
The solid was trea ted  w ith 10% NaOH and the rem aining solid were 
filtered. The solution was acidified w ith 6N HCI and the solid th a t 
sepatated was filtered, and washed w ith water; a slightly brown solid 
separated and was dried (0.655 g, 27%); mp 244-246°C (lit19a 292°C). JH 
NMR (DMSO-dg, 200 MHz) 8 10.67 (br s, 1H), 8.27 (br s, 1H), 6.98 (d, 1H, H8 ), 
6.68-6.73 (m, 2H, H5, H7), 3.69 (s, 3H, OCH3), 2.63-3.06 (m, 4H, H I, H I’, H4,
H4'), 1.73-1.98 (m, 2H, H3, H3’). 13C NMR (DMSO-d6, 50 MHz, ppm) 178.2,
157.4,156.3,135.9,129.8,124.4,113.0,112.4, 60.8, 54.9, 36.1,29.9, 24.9.
Synthesis of Tryptophan Derivatives.
/ \




8 -A m ino-1,4 -d io x a sp iro [4 .5 ]d e c a n e -8 - c a rb o n i tr i le .  A mixture of 
commercially available cyclohexadionemonoethyleneglycol ketal (9.0 g, 0.06 
mmoles), NH4C1 (9.0 g, 0.168 moles), KCN (9.0 g, 0.138 moles), and conc. 
NH4OH (d 0.9, 13.8 mL) were stirred in water (75 mL) containing MeOH (9 
mL) for four days a t room tem perature. The resulting solution was dituted 
with water (75 mL) and extracted with CHC13 (4 X 100 mL). The organic 
phase was dried over anh. M gS04 and the solvent evaporated under 
reduced pressure to afford a yellow oil th a t crystallizes as white plates from 
ethyl ether-pentane. After a ir drying, the product weighed 9.56 g (98%); 
mp 44-49°C (lit24 39-50°C). IR (KBr film) 3373, 3312 (NH), 2222 (CN) cm-l. 
4H NMR (CDClg, 200 MHz) 8 3.94 (s, 4H, 0CH 2CH20), 1.74-2.07 (m, 10H, 2 X 
CH2CH2, NH2). 13C NMR (CDClg, 50 MHz, ppm) 123,107, 64,50, 35, 31. MS, 
m/z (relative intensity) 99 (100), 55.
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4,4-E thylenedioxycyclohexanespiro-4 '-im idazolidine-2 ',5 '-dione. 8 -
Amino-l,4-dioxaspiro[4.5]decane-8-carbonitrile (6.0 g, 33 mmoles) and 
(NH4)2C 0 3 (20.0 g, 0.208 moles) were mixed with water (20 mL) and stirred 
for 3 days a t room tem perature. The resulting slurry was filtered off, 
washed thoroughly with water and dried in  the oven a t 100°C for 24 hrs. 
The product weighed 3.56 g (50%); mp 241-244°C flit24 245-247°C). IR (KBr 
pellet) 3194 (br, NH), 1771 (CO), 1732 (CO) cm’1. *H NMR (DMSO-d6, 200 
MHz) 5 10.60 (s, 1H, CONHCO), 8.44 (bs, 1H, CONH), 3.86 (s, 4H, 
0CH 2CH20), 1.53-1.89 (m, 8H, 2 X CH2CH2). 13C (DMSO-d6, 50 MHz, ppm)
178.2,156.3,106.8, 63.7, 60.9, 31.2, 28.8. MS, m/z (relative intensity) 99 (65), 
86  (100), 55.
8-Am ino-l,4-dioxaspiro[4.5]decane-8-carboxylic acid. 1,3-Diaza-7,10- 
dioxadispiro[4.2.4.2]tetradecane-2,4-dione (4.0 g, 17.7 mmoles) and
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Ba(0H)2-8H20  (15.3 g, 48.5 mmoles) were suspended in water (150 mL) and 
placed in high pressure bomb (Parr instrum ents Co., B-1099). The bomb 
was heated in a sand bath to 150-155°C for 6  hrs. The reaction mixture was 
allowed to cool to room tem perature and was treated with excess (NH4)2C 0 3 
and placed in a water bath for half hour with stirring. The mixture was set 
aside, cooled overnight, and the B aC 03 was filtered off and washed with 
water (2 X 10 mL). The water was boiled off gently with stirring to dryness. 
The yellowish residue was redissolved in warm water (10 mL), treated with 
decolorizing charcoal, filtered through a celite pad and finally MeOH was 
added until cloudiness. The product formed colorless crystals (2.4 g, 60%); 
mp 295-298°C (decomp) (lit24 301-304°C). IR (Nujol mull) 3100-2000 (br, 
NH3+), 1552 (COO- ) cm-1. XH NMR (D2 0 , 200 MHz) 5 3.92 (s, 4H, 
0CH 2CH20), 1.63-2.14 (m, 8H, 2 X CH2CH2). 13C NMR (D20 , 50 MHz, ppm) 
179.1 (COO"), 110.4, 66.9, 62.8, 32.5, 32.1. MS, m/z (relative intensity) 201 
(M+), 173,156 (69), 99 (59), 94 (51), 86  (100), 67,55.
PhNHNH;, HCI,
conc. HCI, A
3-Amino-l,2,3,4-tetrahydrocarbazole-3-carboxylic Acid. To a solution of 
8-Amino-l,4-dioxaspiro[4.5]decane-8-carboxylic acid (2.02 g, 10.0 mmoles) 
in  water (30 mL) was added phenylhydrazine hydrochloride (1.46 g, 10.0 
mmoles) and conc. HCI (2 mL). This mixture was heated up to 100°C for 1 
hr. followed by reflux for 5 min. The mixture was allowed to cool and then it
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was neutralized dropwise w ith conc. NH4OH-water (3:1) to pH 7.2. The 
resulting solid was washed first with w ater and then with acetone. The 
solid was crystallized from hot water, with decolorization. The product was 
isolated as colorless crystals (2.3 g, 57%); mp 300-302°C (decomp) (lit24 
300°C, decomp). UV (MeOH) 224, 280 nm; IR (KBr pellet) 3200-2200 (br, 
NH3+), 3452 (N-H, pyrrole), 1676 (COO). *H NMR (D20 , 200 MHz) 8 7.26-7,29 
(m, 2H, Ar H), 6.95-7.08 (m, 2H, Ar H), 3.08 (d, 1H, H4, J  =16.5 Hz), 2.88 (d, 
1H, H4', J  = 16.6 Hz), 2.75 (dt, 1H, HI), 2.58-2.66 (m, 1H, HI'), 2.13-2.17 (m, 
2H, H2, H2'). 13C NMR (D20 , 50 MHz, ppm) 176.6 (COO), 139.2,134.9,129.4,
124.6, 122.1, 120.3, 114.2, 105.8, 61.8, 31.2, 30.9, 20.8. MS, m/z (relative 
intensity) 230 (M+), 143 (100).
Anal. Calcd. for C13H 14N20 2 (230.27): C, 67.81; H, 6.13; N, 12.16. Found: 




3-E thoxycarbonyl-l,2 ,3 ,4-tetrahydro-p-carboline. L-Tryptophan ethyl 
ester hydrochloride (2.0 g, 7.44 mmoles) was dissolved in  w ater (200 mL) 
and the solution was warmed to 40-45°C, and then a 37% formalin solution 
(0.60 mL, 8.14 mmoles) was added. The milky solution was refluxed for 2 
hrs. and allowed to cool. The pH of the solution was adjusted to 9 with 2N 
NaOH and immediately extracted with EtOAc (3 X 100 mL). The organic 
layer was dried over anh. Na2S 0 4 and the solvent evaporated under reduced
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pressure to furnish an off-white solid m aterial th a t crystallized from 
EtOAc-pentane (1.0 g, 55%); mp 117-120°C. 1NMR (CDC13, ppm) 7.84 (br s, 
1H, NH), 7.48 (dd, 1H, Ar H), 7.30 (dd, 1H, Ar H), 7.09-7.19 (m, 2H, Ar H), 
4.25 (q, 2H, OCH2, J  = 7.0 Hz), 4.12 (s, 2H, H I, H I’), 3.77 (dd, 1H, CH 
stereocenter), 3.14 (dd, 1H, H4p), 2.88 (dddd, 1H, H4a), 1.91 (br s, 1H, NH), 
1.32 (t, 3H, CH3, J  = 7.1 Hz). 13C NMR (CDC13, 50 MHz, ppm) 173.3 (COO),
135.9,132.0,127.3,121.7,119.5,117.8,110.6,107.6, 61.0, 56.0,48.1,42.1, 25.4,
14.2. MS, m/z (relative intensity) 244 (M+), 171,143 (100), 115, 85.
COO COOCH
NH HCI
1) MeOH, HCI (g)
2) A
H H
3-M ethoxycarbonyl- 1,2,3,4-tetrahydro-P-carboline H ydrochloride.
l,2,3,4-Tetrahydro-P-carboline-3-carboxylic acid (54.0 mg, 0.25 mmoles) was 
suspended in absolute MeOH (10 mL) and HCI gas was bubbled through 
until saturation. The resulting solution was refluxed for 1 hour and 
allowed to cool to room tem perature. The solvent was evaporated under 
reduced pressure to afford an almost white solid material (50.0 mg, 8 6%).
H. COO COO
NH3+ CH20  soln, OH"
38°C
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l ,2 ,3 ,4 -T e tra h y d ro -P -c a rb o lin e -3 -c a rb o x y lic  A cid . In a 25 mL
Erlenm eyer flask  provided w ith a m agnetic s tir re r  L-tryptophan, 
recrystallized five times with decolorization from water-ethanol, was placed 
(1.0 g, 5.0 mmoles) and dissolved in 2N NaOH (2.5 mL, 5.0 mmoles) and 
then a 37% solution of formalin (1.22 mL, 15 mmoles) was added. The flask 
was stoppered tightly and placed in an oil bath a t 38°C and the soltuion was 
stirred for 15 hrs; it  was cooled and the pH adjusted to 6.5 with 6N HCI with 
the aid of a pHmeter. As the desired pH was approached 0.1N NaOH and 
0.1N HCI were used to adjust the pH. A white precipitate formed, it was 
filtered, crystallized from hot water, dried and weighed (0.10 g, 9%); mp 
306-310°C (decomp) (lit21 311-311.5°C). FAB-MS (m/z) 217 (M++H), 171,144, 
136.





l,2 ,3 ,4 -T etrahydro-p-carbo line-3-carboxylic  A cid-1,l ’d2- In a 25 mL
Erlenm eyer flask provided w ith a m agnetic s tir re r  was placed L- 
tryptophan, recrystallized five tim es from ethanol-w ater, (1.0 g, 5.0 
m moles), and  dissolved in  2N NaOH (2.5 mL, 5.0 mmoles). 
P a ra fo rm a ld e h y d e -^  (0.24 g, 7.50 mmoles) was added and allowed to 
dissolve. The flask was stoppered tightly and placed in an oil bath  a t 38°C 
for 18 hrs. The resulting colorless solution was allowed to cool and 
neutralized with 6 N HCI to pH 6.5 (when necessary the pH was adjusted
with 0 .1N HCI or 0.1N NaOH) and refrigerated for 48 hrs. The solid tha t 
formed was filtered, washed with water, crystallized from hot water and 
dried (0.10 g, 9%) mp 260-264°C (decomp). MS, m/z (relative intensity) 218 







1-Methyl-1,2,3,4-tetrahydro-P-carboline-3-carboxylie Acid. Into a 250 mL 
three neck round bottomed flask equipped with a mechanical stirrer, dry 
ice condenser, recrystallized L-tryptophan (5.3 g, 26.0 mmoles), IN H2S0 4  
(26.4 mL), and water (70 mL) were mixed. Acetaldehyde (15 mL) was added 
dropwise while m aintaining the tem perature a t 0-5°C. The mixture was 
heated to 50-60°C with a water bath for 1 hr. The temperature of the bath 
was raised and the solution was allowed to reflux for 1.5 hrs. The dry ice 
condenser was removed and the excess acetaldehyde was boiled off for a 
period of 4.5 hrs. The solution was made strongly alkaline w ith 
concentrated NH4OH and heated for 1.5 half hrs.; decolorizing charcoal 
was added and the hot solution was filtered through a celite pad. The 
filtrate was concentrated to about 50 mL and a white solid started  to 
separate out. The suspension was placed in the refrigarator overnight and 
the solid filtered off. The solid was treated with hot ethanol-water (1:1) with 
decolorization to afford off-white needles (2.81 g, 47%); mp 250-252°C 
(decomp). The m aterial th a t did not dissolve in the hot ethanol-water 
mixture was treated  with hot w ater to furnish off-white needles with a
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higher melting point (0.6 g. 10%); mp 289-291°C (decomp) (lit22 290°C). 1H 
NMR (DMSO-dg, 200 MHz) 8  11.09 (s, 1H), 7.43 (d, 1H, Ar H), 7.32 (d, 1H, Ar 
H), 6.95-7.11 (m, 2H, Ar H), 4.49 (d, 1H, H I, J  = 6.5 Hz), 3.59 (dd, 1 H, H4<x), 
3.16 (dd, 1H, H4P), 2.76 (t, 1H, H3 stereocenter), 1.60 (d, 3H, CH3, J  = 6 .6  Hz). 
13C NMR (DMSO-dg, 50 MHz, ppm) 169.5 (COO), 136.3, 132.4, 126.1, 121.2,
118.7, 117.9, 111.1, 106.7, 57.6, 48.9, 23.3, 17.0. MS, m/z (relative intensity) 







l-Phenyl-l,2,3,4-tetrahydro-[)-carboline-3-carboxylic Acid. In a 500 mL
three neck round bottom flask equipped with condenser, mechanical stirrer 
and septum were placed recrystallized L-tryptophan (10.2 g, 50 mmoles), IN 
H2SO4 (50 mL), water (150 mL), ethanol (20 mL) and benzaldehyde (5.83 g, 
55 mmoles). This mixture was heated to 55-60°C with vigorous stirring for 
1.5 hrs.; the tem perature was raised to 90-95°C and m aintained for 4 hrs. 
Concentrated NH4OH (50 mL) was added followed by decolorizing charcoal 
and heated a t 95-98°C for 0.5 hr.; th is  solution was diluted with 
concentrated NH4OH (25 mL), and filtered through a celite pad. The filtrate 
was concentrated to approximately 150 mL; the resulting suspension was 
placed in  the refrigerator overnight and the solid th a t formed was filtered 
and washed with cold water. I t was treated with hot methanol, filtered and 
slightly yellow needles formed (5.81 g, 40%); mp 220-224°C (lit22 223-226°C). 
The material insoluble in methanol was dissolved in hot ethanol-water (1 :1) 
from which a slightly yellow solid crystallized out (1.83 g, 12.5%); mp 226- 
228°C (lit22 225-226°C). 4 1 NMR (DMSO-d6, 200 MHz) 5 10.43 (s, 1H), 7.35-
7.47 (m, 6H, Ar H), 7.22 (dd, 1H, Ar H, J  = 1.5 Hz, J  = 7.5 Hz), 6.94-7.06 (m, 
2H, Ar H), 5.41 (s, 1 H, HI), 3.80 (dd, 1H, H3 stereocenter), 3.15 (dd, 1H, 
H4p), 2.88 (dt, 1H, H4<x). 13C NMR (DMSO-d6, 50 MHz, ppm) 172.5 (COOH),
139.7,136.6,133.4,129.2,128.3,126.3,120.9,118.5,118.3,117.7,111.3,107.8, 




P h N H N H ,, HOAc
COOCH,CH
3-Ethoxycarbonyl-l,2,3,4-tetrahydrocarbazole. To a refluxing solution of 
ethyl 4-oxocyclohexanecarboxylate (3.0 g, 17.63 mmoles) in glacial HOAc 
(8.0 mL) under argon was added dropwise phenylhydrazine (1.95 g, 17.63 
mmoles) over a period of 15 min. Upon complete addition, the reflux was 
continued for 1 hr. The solution was allowed to cool and placed in the 
freezer for 3 hrs. The solid th a t formed was crushed with cold water, 
filtered, washed with water and with 50% EtOH. The solid was dissolved in 
hot benzene, treated with decolorizing charcoal, filtered and allowed to cool; 
hexane was added un til cloudiness was observed. The product was 
obtained as colorless crystals upon slow evaporation of the solvents (4.05 g, 
95%); mp 93-97°C (lit25a 94.5-96°C). *H NMR (CDClg, 200 MHz) 5 7.71 (br s, 1 
H, NH), 7.46 (dd, 1H, Ar H), 7.26 (dd, 1H, Ar H), 7.07-7.16 (m, 2H, Ar H), 
4.19 (q, 2H, OCH2, J  = 7.1 Hz), 2.79-3.10 (m, 5H), 2.26-2.35 (m, 1H), 1.99-2.11 
(m, 1H), 1.29 (t, 3H, CH3, J  = 7.2 Hz). 13C NMR (CDClg, 50 MHz, ppm) 175.5 
(COO), 135.9,132.9,127.5,121.3, 119.3,117.7,110.4,108.6, 60.5 (CH20), 40.3 
(CH stereocenter), 25.7, 23.8, 22.3, 14.2 (CH3). MS, m/z (relative intensity) 
243 (M+), 168 (44), 143 (100), 115, 77.
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COOCH2CH3 c o o h
KOH, 95% EtOH
l,2,3,4-Tetrahydrocarbazole-3-carboxylic Acid. To a solution of KOH 
(1.04 g, 18.53 mmoles) in 95% EtOH (75 mL) was slowly added 3- 
ethoxycarbonyl-l,2,3,4-tetrahydrocarbazole (3.0 g, 12.35 mmoles) under 
argon; the resulting solution was refluxed for 1.5 hrs. The solvent was 
removed under reduced pressure and w ater (100 mL) was added; the 
solution was filtered. The filtrate was placed in  an ice bath and was slowly 
acidified to pH 2 with 6 N HC1. The milky solution was extracted with 
EtOAc (3 X 100 mL) and the organic phase was dried over anh. Na2S 0 4 and 
the solvent removed under reduced pressure. The residue was taken up in 
hot methanol, treated with decolorizing charcoal, filtered through a celite 
pad and allowed to cool, off-white needles were obtained (2.26 g, 8 6 %); mp 
197-199°C (decomp) (lit25a 196-198°C). 41 NMR (DMSO-dg, 200 MHz) 8 12.21 
(br s, 1H COOH), 10.65 (s, 1H, NH), 7.34 (d, 1H, Ar H, J  = 7.2 Hz), 7.22 (d, 1H, 
Ar H, J  = 7.7 Hz), 6.87-7.02 (m, 2H, Ar H), 2.69-2.98 (m, 5H, H), 2.14-2.21 (m, 
1H), 1.76 (m, 1H). 13C (DMSO-<26, 50 MHz, ppm) 176.4 (COOH), 135.9,133.7,
127.0,120.1,118.1,117.1,110.5,106.7,39.5 (CH stereocenter), 25.5, 23.5, 21.8. 









N -Benzyloxym ethylindole-3-carboxaldehyde. In a 500 mL three neck 
equipped with condenser, powder addition funnel, septum and magnetic 
spinbar under argon was placed NaH (4.0 g, 60% dispersion, 0.1 mole). It 
was washed with hexane (3 X 100 mL) and then suspended in dry THF (200 
mL). Indole-3-carboxaldehyde (14.5 g, 0.1 mole) was added slowly, and the 
resulting brown solution was stirred  for 30 min. The powder addition 
funnel was replaced with a regular addition funnel into which a solution of 
benzyloxymethyl chloride (16.5 g, 0.1 mole, 95% tech.) in THF (100 mL) was 
placed, and added dropwise over a period of 30 min. After addition the 
solution was stirred overnight a t room tem perature. W ater (10 mL) was 
added and the THF was removed under reduced pressure. The residue was 
taken up in EtOAc (200 mL), washed with brine (2 X 100) and water (2 X 100 
mL). The EtOAc layer was dried over anh. Na2S 0 4 and the solvent was 
evaporated under reduced pressure to afford a brown oil tha t was purified 
by flash chromatography on silica gel (2.0 X 20.0 cm column) on top of 
which a bed of florosil was placed (2.0 X 2.0 cm) eluting with DCM-hexane 
(4:1). After evaporation of the solvents an brown oil remained (26.0 g, 98%). 
This oil solidified upon stand ing  and was reacted w ithout fu rther 
purification. 1NMR (CDClg, 200 MHz) 5 10.02 (s, 1H, CHO), 8.29-8.33 (m, 1H, 
Ar H), 7.72 (s, 1H, H2), 7.22-7.53, (m, 5H, Ar H), 5.56 (s, 2H, OCH2N), 4.44 (s, 
2H, PhCH20). 13C NMR (CDClg, 50 MHz, ppm) 184.8 (CHO), 138.1, 137.2,
136.1,128.6,128.3,127.9,125.6,124.5,123.4,122.1,119.1,110.7, 75.7 (NCH20),
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70.3. (PhCH20) MS, m/z (relative intensity) 265 (M+), 159,130, 91 (100), 65.
CHO






D ie th y l 2 -(N -benzy loxym ethy lindoy l-3 -m ethy lene)m alona te . N-
Benzyloxymethylindole-3-carboxaldehyde (26.0 g, 0.98 moles), diethyl 
malonate (16.8 g, 0.1 moles), pyrrolidine (0.5 mL), HOAc (0.25 mL) and 
benzene (250 mL) were placed in a 500 mL round bottomed flask fitted with a 
Dean-Stark trap, condenser, CaCl2 drying tube and magnetic spinbar. The 
solution was refluxed until the theoretical amount of water was removed. 
The warm solution was treated with decolorizing charcoal, filtered through 
a celite pad and allowed to cool. The benzene solution was washed with IN  
N aH S04 (2 X 100 mL), saturated NaHC03 (2 X 100 mL), brine (2 X100 mL), 
water (2 X 100 ml) and dried over anh. Na2S 0 4. A yellow oil remained and 
solidified as yellowish crystals upon standing; crystallization from hot 
ethanol gave yellow crystals (33.04 g, 83%); mp 76-78°C. 1NMR (CDCI3 , 200 
MHz) 5 8.09 (s, 1H), 7.76 (s, 2H), 7.45-7.49 (m, 1H), 7.20-7.32 (m, 7H, Ar H),
5.47 (s, 2H, NCH20), 4.30-4.36 (m, 6H, ArCH2, 2 X OCH2), 1.28-1.37 (m, 6H, 2 
X CH3). 13C NMR (CDC13, 50 MHz, ppm) 167.5 (CO), 164.9 (CO), 136.2,136.0,
134.7,1287,128.3,127.9,127.8,123.4,121.8,118.5,110.6,110.2,75.3 (NCH20),
69.8 (PhCH20), 61.2 (OCH2), 60.9 (OCH2), 14.1 (CH3), 13.9 (CH3). MS, m/z 
(relative intensity) 407 (M+), 255, 91 (100), 65. HR-MS, m/z (M+) Calcd. 
407.17335; Obsd. 407.17270.
Anal. Calcd. for C24H25NO5 (407.20): C, 70.73; H, 6.19; N, 3.44. Found: 
C, 70.66; H, 6.16; N, 3.39.
COOEt
D M SO , N a H





Diethyl [(N-benzyloxymethyl)-3-indoyl] cyclopropane-1,1 -dicarboxylate. A
solution of dimethylsulfoxonium methylide was prepared under argon 
from a 60% NaH m ineral oil dispersion (0.51 g, 12.6 mmoles), 
trimethylsulfoxonium iodide (2.42 g, 11.0 mmoles), and DMSO (40 mL). 
After 30 m in, a solution of diethyl 2-(N-benzyloxymethylindoyl-3- 
methylene)malonate in THF (40 mL) was added dropwise over a period of 30 
minand after being stirred for 1 hr at room temperature and a t 50-55°C for 2 
hrs, the solution was poured onto ice-cold water (200 mL) and extracted 
with ethyl ether (4 X 100 mL). The combined ethereal extracts were washed 
with brine (2 X 100 mL), dried over anh. Na2S0 4. The ether was evaporated 
to a low volume under reduced pressure and the brown solution was 
filtered through a silica gel column (50 g) on top of which a bed of fluorosil 
was placed (10 g), and eluted with ethyl ether. The ether was evaporated 
under reduced pressure to give a yellow oil (3.92 g, 93%). 1H NMR (CDC13, 
200 MHz) 8 7.71 (d, 1H, Ar H), 7.12-7.43 (m, 7H, Ar H), 6.91 (s, 1H, H2'), 5.54 
(s, 2H, OCH2N), 4.20-4.33 (m, 4H, OCH2, OCH2Ph), 3.65-3.76 (m, 2H, OCH2),
3,29 (t, 1H, CHA), 2.10 (dd, 1H, CHA), 1.75 (dd, 1H, CHA), 1.30 (t, 3H, CH3), 
0.61 (t, 3H, CH3). 13C NMR (CDC13, 50 MHz, ppm) 170.0 (CO), 167.0(CO),
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136.8, 136.5, 129.2, 128.4, 127.8, 126.3, 122.5, 120.1, 119.5, 110.7, 109.9, 74.7 
(NCH20), 69.4 (PhCH20), 61.44 (OCH2), 60.8 (OCH2), 36.8 (CA), 23.7 (CHA),
18.9 (CH2A), 14.0 (CH3), 13.2 (CH3). MS, m/z (relative intensity) 421 (M+), 
313,240,91 (100). HR-MS, m/z (M+) Calcd. 421.18901; Obsd. 421.18970.
Synthesis of Phenylalanine Derivatives.
CHO
PhCO NH CH 2COOH, NaOAc
A c20 ,  A
Ph
(Z )-2 -P h e n y l-4 -( l-n a p h th y lid e n e )-5 -o x a z o lo n e . A mixture of 1- 
naphthaldehyde (15.6 g, 0.1 moles), hippuric acid (19.9 g, 0.114 moles), anh. 
NaOAc (8.20 g, 0.10 moles), anh. Ac20  (30.6 g, 0.3 moles) were placed in an 
Erlenmeyer flask and heated on a hot plate until complete dissolution, then 
the m ixture was refluxed gently for 2 min. The flask was removed and 
allowed to cool; the mixture solidified and then i t  was treated with 95% 
EtOH (100 mL), crushed and filtered. The solid was dried and crystallized 
from hot benzene as yellow needles (15.0 g, 50%); mp 168-169°C (lit32 152- 
154°C). *H NMR (CDC13, 200 MHz) 8 9.10 (d, 1H, Ar H), 8.16-8.20 (m, 2H, Ar 
H), 8.09 (s, 1H, CH=), 7.86-7.97 (m, 3H, Ar H), 7.47-7.66 (m, 5H, Ar H). 13C 
NMR (CDClg, 50 MHz, ppm) 167.6 (CO), 164.1 (CO), 133.9,133.7,133.3,132.4,
131.9,131.9,129.3,129.1,128.9,128.4, 127.4, 126.9,126.2,125.7,122.7. MS, 
m/z (relative intensity) 299 (M+), 105 (100), 77.
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0 ^ 0 COOH
1% NaOH, A
<^NHCOPh
(Z)-2-(N-Benzoylamino)-3-(l-naphthyl)propenoic acid. (Z)-2-Phenyl-4- 
(l-naphthylidene)-5-oxazolone (4.0 g, 13.4 mmoles) was suspended in a 1% 
NaOH solution (140 mL) made up in  70% EtOH; the suspension was 
vigorously refluxed for 30 min. The solution was allowed to cool and then 
diluted with water (200 mL) and slowly acidified to pH 2 with 6N HC1. The 
off-white solid separated out, filtered, thoroughly washed with water, dried 
and crystallized from hot ethanol (3.5 g, 82%); mp 235-236°C (lit33 221°C). 
1NMR (DMSO-dg, 200 MHz) 5 12.83 (br s, 1H), 10.04 (s, 1H, NH), 8.18 (s, 1H, 
CH=), 8.03 (s, 1H, Ar H), 7.99 (s, 1H, Ar H), 7.79-7.90 (m, 4H, Ar H), 7.47-7.62 
(m, 5H, Ar H). 13C NMR (DMSO-d6, 50 MHz, ppm) 166.3 (CO), 166.1 (CO),
133.6,132.9,132.6,131.7,131.5,130.2,128.4,128.2,127.9,127.8,127.6,127.4,
127.1,127.0,126.5,126.1. MS, m/z (relative intensity) 317 (M+), 167,139,105 
(100), 77.
.0
' ^ Y ^ V CHOPhCONHCH2COOH 
NaOAc, Ac20 ,  A
.0
Ph
(Z )-2 -P h e n y l-4 -(2 -n a p h th y lid e n e )-5 -o x a z o lo n e . A mixture of 2- 
naphthaldehyde (7.81 g, 50.0 mmoles), hippuric acid (9.98 g, 55.7 mmoles), 
anh. NaOAc (4.1 g, 0.1 moles), anh. Ac20  (0.15 g, 0.15 moles) was placed in
an Erlenmeyer flask and heated on a hot plate until complete dissolution, 
then the mixture was refluxed gently for 2 min. The flask was removed 
and allowed to cool; the mixture solidified and then treated with 95% EtOH 
(100 mL), crushed, and filtered. The crystallized from hot benzene as 
yellow needles (9.9 g, 6 6%); mp 144-145°C flit34 156°C). XH NMR (CDC13, 200 
MHz) 5 8.52 (d, 1H, Ar H), 8.47 (s, 1 H, CH=), 8.21 (d, 1 H, Ar H), 7.83-7.95 
(m, 4H, Ar H), 7.52-7.63 (m, 5H, Ar H). 13C NMR (CDC13, 50 MHz, ppm)
167.7,163.5,134.5,134.1,133.3,133.1,131.8,131.3,129.1,128.9,128.6,128.4,






(Z)-2-(N-Benzoylamino)-3-(2-naphthyl)propenoic acid. (Z)-2-Phenyl-4-(2- 
naphthylidene)-5-oxazolone (4.0 g, 13.4 mmoles) was suspended in a 1% 
NaOH solution (140 mL) made up in  70% EtOH; the suspension was 
vigorously refluxed for 30 min. The solution was allowed to cool, diluted 
with water (200 mL) and slowly acidified to pH 2 with 6N HC1. An off-white 
solid precipitated out; it  was filtered, thoroughly washed with water, dried 
and crystallized from hot ethanol (3.65 g, 8 6 %); mp 218-219°C. !NM R 
(DMSO-dg, 200 MHz) 8 12.39 (br s, 1H), 9.85 (s, 1H, NH), 7.83-8.05 (m, 6H, Ar 
H, CH=), 7.70 (d, 1 H, Ar H, J  = 7.1 Hz), 7.41-7.61 (m, 6  H, Ar H). 13C NMR 
(DMSO-d6, 50 MHz, ppm) 166.2 (CO), 166.1 (CO), 133.6, 133.1, 131.6, 130.9,
130.8, 129.7, 128.9, 128.5, 128.4, 128.3, 127.6, 126.5,126.1,125.4,124.0. MS, 
m/z (relative intensity 317 (M+), 196,168,139,105 (100), 77.
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Asymmetric Hydrogenation Experiments.
[Rh(NBD)Cl]2 AgC104, NBD - [Rh(NBD)2]C104
DCM
[Rh(NBD)2]C104 .29 A mixture of [Rh(NBD)Cl]2 (0.35 g, 0.76 mmoles) and 
bicyclo[2.2.1]hepta-2,5-diene (0.14 g, 1.52 mmoles) was dissolved in dry DCM 
(15 mL) under argon. AgC104 monohydrate (0.315 g, 1.52 mmoles) was 
added and the resulting mixture was stirred for 1 hr. The solution was 
filtered and diluted with THF (15 mL). The solvents were removed under 
reduced pressure until a reddish solid remained. This solid was washed 
with dry THF and dried under high vacuum a t room tem perature for 24 hrs 
(0.2793 g, 95%).
[Rh((R)-(+)-BINAP)(NBD)]+ClO4-.l0 [Rh(NBD)2]C104 (0.125 g, 0.324 
mmoles) and (R)-(+)-bis(diphenylphosphino)-l,l'-binaphthyl (0 .2 0 2  g, 0.325 
mmoles) were dissolved in dry DCM (8 mL) under argon and this mixture 
was stirred for 1 hr. THF (8  mL) was added slowly, followed by hexane (8 
mL) and placed in  the freezer for 5 hrs. A red powder separated out, 
filtered and dried under high vacuum. The product was crystallized from
[Kh(NBD)2]C104
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MeOH and the plates obtained were dried under high vacuum a t room 
temperature for 48 hrs (0.0965 g, 33%); mp 235-238°C flit10 242-244°C).
COOH COOH
NHCOPh
Rh[((R )-BIN A P)(N BD )]C 104 
H2, MeOH, 2 days
NHCOPh
OH
Asym m etric H ydrogenation o f (Z)-2-(N-Benzoylamino)-3-(4-hydroxy-l- 
n a p h th y l)p ro p e n o ic  a c id . (Z)-2-(N -Benzoylam ino)-3-(4-hydroxy-l- 
naphthyl)propenoic acid (0.5 g, 1.5 mmoles) and ((R)-(+)-BINAP)rhodium 
perchlorate (4.0 mg, 0.0044 mmoles) were dissolved in  absolute methanol 
(30 mL) in a dry Parr hydrogenation bottle. The bottle was placed in the 
hydrogention apparatus th a t was previously evacuated and flushed with 
dry argon five times; the reaction system was evacuated and flushed with 
dry argon five times. The hydrogen reservoir was then filled with H2 gas, 
and the solution was placed under 50 psi hydrogen pressure, and shaken at 
room tem perature for 48 hrs. The bottle was removed and the solvent 
evaporated under reduced pressure; the  residue was im m ediately 
dissolved in 0.5 N NaOH (50 mL) and filtered through a celite pad. The pad 
was washed with water (2 X 10 mL) and the combined washings and filtrate 
were extracted with ethyl ether (2 X 50 mL); the aqueous phase was 
acidified with IN  HC1 and the resulting milky solution was extracted with 
EtOAc (3 X 50 mL). The organic phase was dried over anh. Na2S0 4 and the 




C 00H  Rh[((R )-BIN A P)(N BD )]C 104
H
T^COOH
MeO COPh H2> MeOH, 4 days ^ NHCOPh
Asymm etric H ydrogenation of (Z)-2- (N-Benzoylamino) -3-(6-methoxy-2 - 
n a p h th y l)p ro p e n o ic  a c id . (Z)-2-(N-Benzoylamino)-3-(6-methoxy-2- 
naphthyl)propenoic acid (0.5 g, 1.44 mmoles) and ((R)-(+)-BINAP)rhodium 
perchlorate (10.0 mg, 0.0109 mmoles) were dissolved in  absolute methanol 
(30 mL) in  a dry P arr hydrogenation bottle. The bottle was placed in the 
hydrogention apparatus th a t was previously evacuated and flushed with 
dry argon five times; the reaction system was evacuated and flushed with 
dry argon five times. The hydrogen reservoir was then filled with H2 gas, 
and the solution was placed under 50 psi hydrogen pressure, and shaken at 
room tem perature for 4 days. The bottle was removed and the solvent 
evaporated under reduced pressure; the residue was im m ediately 
dissolved in 0.5 N NaOH (50 mL) and filtered through a celite pad. The pad 
was washed with water (2 X 10 mL) and the combined washings and filtrate 
were extracted w ith ethyl ether (2 X 50 mL); the aqueous phase was 
acidified with IN  HC1 and the resulting milky solution was extracted with 
EtOAc (3 X 50 mL). The organic phase was dried over anh. Na2S0 4 and the 




R h[((R )-BIN A P)(N BD )]C 104 
H2, MeOH, 2 days
NHCOPh
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A sy m m etric  H y d ro g e n a tio n  o f  (Z )-2 -(N -B en z o y la m in o )-3 -( l-  
naph thy l)p ropeno ic  Acid. (Z)-2-(N-Benzoylamino)-3-(l-naphthyl)propenoic 
acid (0.5 g, 1.58 mmoles) and ((R)-(+)-BINAP)rhodium perchlorate (10.0 
mg, 0.0109 mmoles) were dissolved in absolute methanol (30 mL) in a dry 
P a rr hydrogenation bottle. The bottle was placed in the hydrogention 
apparatus th a t was previously evacuated and flushed with dry argon five 
times; the reaction system was evacuated and flushed with dry argon five 
times. The hydrogen reservoir was then filled with H2 gas, and the solution 
was placed under 50 psi hydrogen pressure, and shaken a t room 
tem perature for 48 hrs. The bottle was removed and the solvent evaporated 
under reduced pressure; the residue was immediately dissolved in 0.5 N 
NaOH (50 mL) and filtered through a celite pad. The pad was washed with 
w ater (2 X 10 mL) and the combined washings and filtrate were extracted 
with ethyl ether (2 X 50 mL); the aqueous phase was acidified with IN HC1 
to afford an off-white solid (0.4567 g, 90%).
A sy m m etric  H y d ro g e n a tio n  o f  (Z )-2 -(N -B en zo y lam in o )-3 -(2 - 
nap h th y l)p ro p en o ic  Acid. (Z)-2-(N-Benzoylamino)-3-(2-naphthyl)propenoic 
acid (0.5 g, 1.58 mmoles) and ((R)-(+)-BINAP)rhodium perchlorate (10.0 
mg, 0.0109 mmoles) were dissolved in  absolute methanol (30 mL) in a dry 
P a rr hydrogenation bottle. The bottle was placed in  the hydrogention 
apparatus th a t was previously evacuated and flushed with dry argon five 
times; the reaction system was evacuated and flushed with dry argon five
H
^ ^ y^ ŝ C O O H  Rh[((R)-BINAP)(NBD)]C10. 




times. The hydrogen reservoir was then filled with H2 gas, and the solution 
was placed under 50 psi hydrogen pressure, and shaken a t room 
temperature for 4 days. The bottle was removed and the solvent evaporated 
under reduced pressure; the residue was immediately dissolved in 0.5 N 
NaOH (50 mL) and filtered through a celite pad. The pad was washed with 
water (2 X 10 mL) and the combined washings and filtrate were extracted 
with ethyl ether (2 X 50 mL); the aqueous phase was acidified with IN  HC1 
to afford an off-white solid (0.4378 g, 87%).
A tte m p ts  to w a rd s  th e  s y n th e s is  o f  (± )-2-A m ino-4-(l,2,3,4- 
tetrahydrocarbazolyl)acetic Acid.
P h e n y lh y d ra z o n e  o f  1 ,4 -cy c lo h ex ad io n em o n o e th y len e  k e ta l .24 
Phenylhydrazine (4.3 g, 40.0 mmoles) and 1,4-cyclohexadionemono- 
ethyleneketal (6.0 g, 38.0 mmoles) were separately dissolved in the 
minimum amount of water. The solutions were mixed and stirred for 10 
min; the solution was extracted with EtOAc (6 X 50 mL) and the extract 
was dried over anh. M gS04. The solvent was evaporated under reduced 
pressure and the oily residue was used without further purification.
In d o liz a tio n  o f h y d ra z o n e .24 In  a 500 mL Schlenk flask fitted with a 
D ean-Stark trap  was placed the previously obtained hydrazone and
2) A, benzene
1) PhNH NH 2, H2Q 
O H
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dissolved in  anh. benzene (300 mL) and anh. ZnCl2 (5.0 g) was added. The 
suspension was refluxed with stirring under argon for 2 hrs. The solvent 
was removed under reduced pressure and the residue was treated with 10% 
NaOH (100 mL); the resulting solution was extracted with EtOAc (3 X 100 
mL), and the organic phase was dried over anh. M gS04. The solvent was 
removed under reduced pressure to furnish a brown crystalline solid (7.6 g, 
87%, based on the starting ketal). 1H NMR (CDC13, 200 MHz) 8 7.71 (br s. 
1H), 7.37-7.42 (m, 1H, Ar H) 7.03-7.20 (m, 3H, Ar H), 4.04 (d, 4H, 
0C H 2CH20), 2.96 (s, 2H, CH2), 2.84 (t, 2H, H4, H4', J  = 6.5 Hz), 2.05 (t, 2H, 




H ydrolysis o f keta l.24 The ketal (11.8 g, 52.0 mmoles) was dissolved in 
acetone (300 mL) and a trace of p-toluenesulfonic acid was added. The 
mixture was refluxed for 2 hrs with stirring under argon. The acetone was 
evaporated under reduced pressure and the residue was taken up in EtOAc 
(200 mL), washed with 10% NaHC03 (2 X 100 mL), and finally with water (2  
X 100 mL). The organic layer was dried over anh. M gS04 and the solvent 
was evaporated under reduced pressure. A brown solid was obtained (8.5 g, 
8 8 %). XH NMR (CDC13, 200 MHz, ppm) 8 7.99 (br s, 1H), 7.41 (d, 1H, Ar H),
7.29 (dd, 1H, Ar H), 7.06-7.23 (m, 2H, Ar H), 3.59 (s, 2H, H4, H4’), 3.12 (t, 2H,
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H I, H I’, J  = 6 .8  Hz), 2.78 (t, 2H, H2, H2 ', J  = 6 .8  Hz). ^ C  NMR (CDClg, 50 
MHz, ppm) 209 (CO), 136.6,131.7,127.0,122.0,119.7,117.7,110.7,107.2,64.6,
38.7,36.5,22.6. MS, m/z (relative intensity) 185 (M+), 156 (100), 130, 77.
Attem pt to alkylate ketone using a bulky base. To a three neck round 
bottomed flask fitted w ith addition funnel, condenser, septum  and a 
magnetic spinbar containing a solution of lithium  diisopropylamide (7.3 
mL, 1.5M solution of the THF complex in cyclohexane) a t -78°C, was added 
a solution of the above ketone (1.0 g, 5.4 mmoles) in dry THF (10 mL) over a 
period of 0.5 hr. The solution was stirred a t -78°C for 30 min. A solution of 
ethyl bromoacetate (0.9 g, 5.4 mmoles) in  dry THF (10 mL) was added 
dropwise over a period of 20 min. After 5 min the reaction was quenched 
w ith solid NH4 C1. The m ixture was allowed to warm  up to room 
tem perature and poured onto icy water (20 mL); the two layers were stirred 
vigorously, and separated. The aqueous phase was extracted with ethyl 
ether (3 X 20 mL), and the combined extracts were dried over anh. MgS04. 
The solvents were evaporated under reduced pressure. Both TLC analysis 
on silica gel plates and NMR revealed th a t the major constituent of the 
residue was the starting material.
A ttem pt to alkylate u sin g  the enam ine approach. To a dry 250 mL
Schlenk flask provided with a  Dean-Stark trap, condenser and magnetic 
spinbar were added the above ketone (8.5 g, 45.9 mmoles), pyrrolidine (17.0 
g, 0.24 moles) and benzene (200 mL) under argon. This solution was 
refluxed with stirring until the theoretical amount of water was removed. 
The solvent and excess pyrrolidine were removed under reduced pressure 
and the residue was redissolved in  dry benzene (200 mL); ethyl
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bromoacetate (7.66 g, 45.9 mmoles) dissolved in dry benzene (30 mL) was 
added over a period of 30 min. The mixture was refluxed for 2 hrs and 
allowed to cool. A 10% HC1 solution (100 mL) was added to the mixture and 
warmed to 60°C; the tem perature was maintained for 30 min. The phases 
were separated, and the aqueous layer was extracted w ith benzene (100  
mL), dried over anh. M gS04 and the solvent evaporated under reduced 
pressure. TLC analysis on silica plates showed tha t the major spot was the 
starting ketone material which was confirmed by NMR.
A ttem pt to alkylate w ith  M el using the  enam ine approach. In a  200 mL
Schlenk flask equipped with a Dean-Stark trap, condenser and magnetic 
spinbar were added the above ketone (1.0 g, 5.4 mmoles), pyrrolidine (0.99 g, 
14.0 mmoles) and dry benzene (60 mL) under argon. This solution was 
vigorously refluxed with stirring for 1 h r to insure the complete removal of 
water. The solvent and excess pyrrolidine were removed under reduced 
pressure to afford a brown oil. I t was redissolved in benzene (30 mL) and 
Mel (1.5 g, 10.0 mmoles) was added. This mixture was refluxed for 1 hr 
and then cooled. The solvent was removed under reduced pressure and the 
residue was treated with a mixture of 1:1 MeOH-water (30 mL), warmed to 
50°C for 30 min, cooled and extracted with DCM (3 X 30 mL). The DCM 
layer was dried over anh. Na2S 0 4  and the solvent evaporated to give a 
residue whose NMR spectrum predominantly showed signals belonging to 
the starting material.
A ttem pted  p ro tec tio n  o f th e  indolic  n itrogen . To a 100 mL three neck 
round bottomed flask fitted w ith condenser, addition funnel and septum
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was added DMSO (20 mL) and NaOH (0.40 g, 10.0 mmoles) which was 
allowed to dissolve with vigorous stirring under argon. The above ketal 
(2.29 g, 10.0 mmoles) dissolved in DMSO (10 mL) was added dropwise over a 
period of 20  min and the resulting mixture was stirred for one hour a t room 
temperature. A solution of chloromethyl methyl ether (0.88 g, 11.0 mmoles) 
in  DMSO (5 mL) was added dropwise over a period of 10 m in and the 
mixture was stirred for 1 hr. The solution was poured onto water (100 mL) 
and then extracted w ith ethyl ether (3 X 100 mL); the ether layer was 
washed with brine (3 X 100 mL), water (2 X 100 mL), and dried over anh. 
N a 2S 0 4. The ether was evaporated under reduced pressure and the 
resulting oil whose NMR spectrum  showed signals belonging to the 
starting ketone.
N -B enzylation  o f th e  in d o le  n itrogen . NaH (0.8 g, 60% dispersion, 10 
mmoles) placed in  a 100 mL three neck round bottomed flask under argon 
and provided w ith condenser, addition funnel, septum  and magnetic 
spinbar was washed with dry hexane (3 X 50 mL). The flask was immersed 
in  an cold w ater bath  and DMSO (8  mL) was added dropwise and then 
stirred a t room tem perature for 30 min. A solution of the above indole (2.3 
g, 10.0 mmoles) in DMSO (10 mL) was added dropwise and stirred for 30 





was added dropwise and stirred for 1 h r a t room temperature. The solution 
was poured onto w ater (400 mL) where a brown solid precipitated out; it 
was filtered, washed with w ater and dried under high vacuum (3.12 g, 
98%); mp 127-130°C. *H NMR (CDClg, 200 MHz) 8 6.99-7.47 (m, 9H, Ar H), 
5.23 (s, 2H, PhCH2), 4.04 (d, 4H, 0CH2CH20), 3.02 (s, 2H, CH2), 2.84 (t, 2H, 
H I, H I’, J = 6.4 Hz), 2.15 (t, 2H, H2, H2’, J = 6.5 Hz). 13C NMR (CDC13, 50 





Table 3. Crystal Data and Collection Parameters for Ethyl (Z)-2-(N- 
benzoylamino)-3-(4-hydroxy-l-naphthyl)propenoate.
form ula ^22H i 9 N 0 4






v , As 1859.8(5)
z 4
Dc, g/cm3 1.291





collection range, deg 20=2-50
no. of unique data 1870
no. of data 1497 for I>3a(I)
P 0.02
no. of variables 253
R 0.038
Rw 0.044
goodness of fit 2.341
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Table 4. Coordinates for Ethyl (Z)-2-(N-benzoylamino)-3-(4-hydroxy-l-
naphthyl)propenoate.
Atom x X z B(A2)
0 1 1.0135(2) 0.1987(1) ■0.0869(1) 4.05(4)
0 2 0.4956(2) 0.1648(2) 0.4453(2) 5.63(5)
03 0.6923(2) 0.1606(2) 0.4949(2) 4.76(5)
04 0.5356(2) -0.0245(2) 0.3087(2) 4.88(5)
N 0.5641(2) 0.1322(2) 0.2433(2) 3.40(5)
Cl 0.9492(3) 0.1965(2) 0.0038(2) 3.31(6)
C2 0.9650(2) 0.2823(2) 0.0705(2) 3.11(5)
C3 1.0432(3) 0.3637(2) 0.0459(2) 4.19(7)
C4 1.0506(3) 0.4467(3) 0.1070(2) 4.90(7)
C5 0.9807(3) 0.4534(2) 0.1962(2) 4.71(7)
C6 0.9065(3) 0.3748(2) 0.2238(2) 3.98(7)
C7 0.8971(3) 0.2857(2) 0.1636(2) 3.12(6)
C8 0.8210(3) 0 .2010(2 ) 0.1918(2) 3.23(6)
C9 0.8125(3) 0 .1212(2) 0.1252(2) 3.63(6)
CIO 0.8753(3) 0.1188(2) 0.0312(2) 3.64(6)
C ll 0.7624(3) 0.1963(2) 0.2943(2) 3.48(6)
C12 0.6520(3) 0.1612(2) 0.3180(2) 3.31(6)
C13 0.6024(3) 0.1618(2) 0.4251(2) 3.97(6)
C14 0.5042(3) 0.0424(2) 0.2476(2) 3.55(5)
C15 0.4032(3) 0.0291(2) 0.1720(2) 3.64(6)
C16 0.3263(3) 0.1082(3) 0.1481(3) 4.79(8)
C17 0.2365(3) 0.0959(3) 0.0749(3) 6.40(9)
Coordinates (cont.)
C18 0.2223(3) 0.0065(3) 0.0249(3) 5.97(9)
C19 0.2976(4) -0.0728(3) 0.0480(3) 6.10(9)
C20 0.3880(3) -0.0626(3) 0.1226(3) 4.87(8)
C21 0.6517(4) 0.1667(3) 0.6014(2) 6.4(1)
C22 0.7576(6) 0.1741(5) 0.6653(3) 11.4(2)
The equivalent isotropic thermal parameter, for atoms refined 
anisotropically, is defined by the equation:
4/3[a2B 11 + b2B22 + c2B33 + abB12cosy + acB13cosP + bcB23cosa]
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Table 5. Bond Distances (A) for Ethyl (Z)-2-(N-benzoylamino)-3-(4-hydroxy-
l-naphthyl)propenoate.
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
0 1 Cl 1.371(2) C4 C5 1.389(3)
0 1 H10H 0.81(2) C5 C6 1.360(3)
0 2 C13 1.193(3) C6 C7 1.412(3)
03 C13 1.334(3) C7 C8 1.435(3)
03 C21 1.455(3) C8 C9 1.363(3)
04 C14 1.233(3) C8 C ll 1.478(3)
N C12 1.415(3) C9 CIO 1.399(3)
N C14 1.350(3) C ll C12 1.324(3)
N H1N 0.92(2) C12 C13 1.493(3)
C l C2 1.433(3) C14 C15 1.485(3)
C l CIO 1.349(3) C15 C16 1.370(3)
C2 C3 1.404(3) C15 C20 1.375(3)
C16 C17 1.374(4) C3 C4 1.352(3)
C17 C18 1.351(4) C18 C19 1.360(4)
C21 C22 1.425(5) C19 C20 1.388(3)
Numbers in parentheses are estimated standard deviations in the 
least significant digits.
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Table 6 . Bond Angles (deg) for Ethyl (Z)-2-(N-benzoylamino)-3-(4-hydroxy-
l-naphthyl)propenoate.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
Cl 0 1 H10H 111(2) C5 C6 C7 121 .8(2 )
C13 03 C21 115.0(2) C2 C7 C6 117.4(2)
C12 N C14 122.3(2) C2 C7 C8 119.6(2)
C12 N H1N 116(1) C6 C7 C8 123.0(2)
C14 N H1N 122(1) C7 C8 C9 118.4(1)
0 1 Cl C2 116.2(2) C7 C8 C ll 120.7(2)
0 1 Cl CIO 123.2(2) C9 C8 C ll 120.7(2)
C2 Cl CIO 120 .6(2 ) C8 C9 CIO 122.5(2)
C l C2 C3 122.3(2) C l CIO C9 120.3(2)
C l C2 C7 118.5(2) C8 C ll C12 128.0(2)
C3 C2 C7 119.1(2) N C12 C ll 123.3(2)
C2 C3 C4 121 .1(2 ) N C12 C13 113.3(2)
C3 C4 C5 120 .6(2 ) C ll C12 C13 122.9(2)
C4 C5 C6 119.8(2) 0 2 C13 03 124.5(2)
0 2 C13 C12 123.9(2) C16 C15 C20 119.0(2)
03 C13 C12 111 .6(2 ) C15 C16 C17 120 .2(2 )
04 C14 N 121 .0(2 ) C16 C17 C18 121.0(3)
04 C14 C15 123.3(2) C17 C18 C19 119.5(2)
N C14 C15 115.7(2) C18 C19 C20 120.4(2)
C14 C15 C16 120.9(2) C15 C20 C19 119.8(2)
C14 C15 C20 120 .0(2 ) 03 C21 C22 108.2(3)
Numbers in parentheses are estimated standard deviations in the 
least significant digits.
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Table 7. Torsion Angles (deg) for Ethyl (Z)-2-(N-benzoylamino)-3-(4-
hydroxy- l-naphthyl)propenoate.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
HlOH 0 1 C l C2 173.58 (1.97)
HlOH 0 1 Cl CIO -5.97 (1.99)
C21 03 C13 0 2 -2.02 (0.46)
C21 03 C13 C12 176.82(0.27)
C13 03 C21 C22 -174.68 (0.35)
C14 N C12 C ll 130.61 (0.32)
C14 N C12 C13 -57.21 (0.35)
H1N N C12 C ll -51.24 (1.81)
H1N N C12 C13 120.94 (1.79)
C12 N C14 04 -10.25 (0.43)
C12 N C14 C15 172.08 (0.25)
H1N N C14 04 171.71 (1.90)
H1N N C14 C15 -5.96 (1.92)
0 1 C l C2 C3 -1.06 (0.39)
0 1 Cl C2 C7 177.69(0.23)
CIO Cl C2 C3 178.51 (0.27)
CIO C l C2 C7 -2.75 (0.40)
0 1 Cl CIO C9 179.81 (0.27)
C2 Cl CIO C9 0.28 (0.43)
C l C2 C3 C4 175.79(0.28)
C7 C2 C3 C4 -2.95 (0.43)
C l C2 C7 C6 -174.88 (0.25)
C l C2 C7 C8 3.98 (0.38)
C3 C2 C7 C6 3.90 ( 0.39)
C3 C2 C7 C8 -177.23 (0.25)
C2 C3 C4 C5 0.09 (0.48)
C3 C4 C5 C6 1.71 (0.49)
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Torsion Angles (cont.)
C4 C5 C6 C7 -0.60 (0.48)
C5 C6 C7 C2 -2.20 (0.43)
C5 C6 C7 C8 178.98 (0.28)
C2 C7 C8 C9 -2.80 (0.39)
C2 C7 C8 C ll 171.83 (0.25)
C6 C7 C8 C9 176.00 (0.27)
C6 C7 C8 C ll -9.38 (0.42)
C7 C8 C9 CIO 0.30 (0.42)
C ll C8 C9 CIO -174.33 (0.26)
C7 C8 C ll C12 142.71 (0.31)
C9 C8 C ll C12 -42.79 ( 0.45)
C8 C9 CIO Cl 0.98 ( 0.45)
C8 C ll C12 N -7.80 (0.49)
C8 C ll C12 C13 -179.24 (0.28)
N C12 C13 0 2 -18.97 (0.43)
N C12 C13 03 162.18 ( 0.24)
C ll C12 C13 0 2 153.24(0.33)
C ll C12 C13 03 -25.60 ( 0.41)
04 C14 C15 C16 143.16(0.32)
04 C14 C15 C20 -38.65 (0.45)
N C14 C15 C16 -39.23 (0.41)
N C14 C15 C20 138.96(0.29)
C14 C15 C16 C17 177.33 (0.31)
C20 C15 C16 C17 -0.88 (0.49)
C14 C15 C20 C19 -176.55 (0.30)
C16 C15 C20 C19 1.67 (0.48)
C15 C16 C17 C18 -0.20 (0.55)
C16 C17 C18 C19 0.46 (0.58)
C17 C18 C19 C20 0.36(0.56)
C18 C19 C20 C15 -1.43 (0.53)
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Table 8 . Crystal Data and Collection Parameters for (Z)-2-(N- 
benzoylamino)-3-(4-hydroxy-l-naphthyl)propenoic Acid Monohydrate.
form ula C2oH15N 04-H20












cryst size, mm 0.08x0.18x0.35
radiation CuKa
p, cm' 1 7.93
temp, K 296
scan type co-20
collection range, deg 20=4-150
no. of unique data 3456
no. of data 2684 for I>3o(I)
P 0.04
no. of variables 304
R 0.038
Rw 0.056
goodness of fit 2.06
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Table 9. Coordinates for (Z)-2-(N-benzoylamino)-3-(4-hydroxy-l-
naphthyl)propenoic Acid Monohydrate.
Atom X y z Beq (A2
0 1 0.8742(2) 0.0056(1) -0.20023(8) 4.12(3)
0 2 0.6311(2) 0.4143(2) 0.3823(1) 4.51(3)
03 0.9191(1) 0.6177(1) 0.46839(8) 3.76(3)
04 1.0571(1) 0.7540(1) 0.28610(9) 3.88(3)
05 0.7534(2) 0.6836(1) 0.63101(9) 3.94(3)
N1 1.0877(2) 0.5336(1) 0.30800(9) 2.91(3)
C l 0.8691(2) 0.0746(2) -0.0962(1) 3.29(3)
C2 0.7528(2) -0.0397(2) -0.0502(1) 3.08(3)
C3 0.6503(2) -0.2193(2) -0.1078(1) 3.80(4)
C4 0.5342(3) -0.3256(2) -0.0634(1) 4.32(4)
C5 0.5160(3) -0.2584(2) 0.0406(1) 4.31(4)
C6 0.6140(2) -0.0863(2) 0.0990(1) 3.72(4)
C7 0.7340(2) 0.0295(2) 0.0559(1) 3.10(3)
C8 0.8326(2) 0 .2110(2 ) 0.1138(1) 3.25(3)
C9 0.9505(2) 0.3133(2) 0.0661(1) 3.73(4)
CIO 0.9696(2) 0.2464(2) -0.0379(1) 3.70(4)
C ll 0.7860(2) 0.2853(2) 0.2145(1) 3.23(3)
C12 0.8898(2) 0.4313(2) 0.2967(1) 2.88(3)
C13 0.7997(2) 0.4856(2) 0.3856(1) 3.04(3)
C14 1.1605(2) 0.6926(2) 0.3058(1) 2.87(3)
C15 1.3712(2) 0.7876(2) 0.3281(1) 2.98(3)
C16 1.4836(2) 0.7030(2) 0.3103(2) 4.26(4)
C17 1.6790(2) 0.7956(2) 0.3363(2) 5.39(5)
C18 1.7619(3) 0.9723(2) 0.3812(2) 4.96(5)
C19 1.6518(3) 1.0576(2) 0.3983(1) 4.26(4)
C20 1.4566(2) 0.9665(2) 0.3705(1) 3.46(4)
HlOH 0.907(3) 0.087(3) -0.224(2) 6 .6(6 )*
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Coordinates (cont.)
H1NH 1.157(2) 0.494(2) 0.323(1) 3.6(4)*
H20H 0.844(3) 0.640(3) 0.526(2) 7.8(7)*
H3 0.667(2) -0.260(2) -0.179(1) 4.6(4)*
H4 0.454(3) -0.457(3) -0.104(2) 6 .6 (6 )*
H5 0.424(3) -0.345(2) 0.072(2) 5.5(5)*
H6 0.607(2) -0.040(2) 0.172(1) 4.8(4)*
H9 1.017(2) 0.437(2) 0.104(1) 4.1(4)*
H10 1.048(2) 0.317(2) -0.070(1) 4.3(4)*
H ll 0.659(2) 0.226(2) 0.225(1) 3.5(4)*
H1H20 0.625(3) 0.647(3) 0.613(2) 8.0(7)*
H16 1.423(2) 0.572(2) 0.279(1) 4.4(4)*
H17 1.747(3) 0.732(3) 0.317(2) 7.2(6)*
H18 1.897(3) 1.038(2) 0.403(2) 6.2(5)*
H19 1.704(3) 1.181(2) 0.432(2) 5.5(5)*
H20 1.381(2) 1.030(2) 0.387(1) 4.2(4)*
H2H20 0.796(3) 0.779(2) 0.677(2) 6.0(5)*
Starred atoms were refined isotropically. Biso listed for H atoms. 
The equivalent isotropic therm al parameter, for atoms refined 
anisotropically, is defined by the equation:
Beq = (8jr2/3)LiLjUijai*aj *ai • aj
Table 10. Bond Distances (A) for (Z)-2-(N-benzoylamino)-3-(4-hydroxy-l-
naphthyl)propenoic Acid Monohydrate.
Atom 1 Atom 2  Distance Atom 1 Atom 2 Distance
0 1 C l 1.366(1) C2 C7 1.424(2)
0 1 HlOH 0 .86 (2 ) C3 C4 1.362(2)
0 2 C'13 1 .212(1) C3 H3 0.96(2)
03 C13 1.313(1) C4 C5 1.395(2)
03 H20H 1.03(2) C4 H4 1.04(2)
04 C14 1.231(1) C5 C6 1.366(2)
05 H1H20 0.92(2) C5 H5 1.06(2)
05 H2H20 0.82(2) C6 C7 1.416(2)
N1 C12 1.427(1) C6 H6 0.97(2)
N1 C14 1.344(1) C7 C8 1.430(1)
N1 H1NH 0.83(2) C8 C9 1.380(2)
C l C2 1.423(2) C8 C ll 1.462(2)
Cl CIO 1.366(2) C9 CIO 1.396(2)
C2 C3 1.417(2) C9 H9 0.97(1)
CIO H10 0.93(1) C17 C18 1.376(2)
C ll C12 1.334(2) C17 H17 0.93(2)
C ll H ll 0.97(1) C18 C19 1.373(2)
C12 C13 1.486(2) C18 H18 0.96(2)
C14 C15 1.492(1) C19 C20 1.383(2)
C15 C16 1.385(2) C19 H19 0.96(2)
C15 C20 1.391(2) C20 H20 0.98(1)
C16 C17 1.385(2)
C16 H16 1.02(1)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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Table 11. Bond Angles (deg) for (Z)-2-(N-benzoylamino)-3-(4-hydroxy-l-
naphthyDpropenoic Acid Monohydrate.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
C l 0 1 HlOH 107(1) C4 C3 H3 122 .8(8 )
C13 03 H20H 108(1) C3 C4 C5 120.0(1)
H1H20 05 H2H20 107(2) C3 C4 H4 123.0(9)
C12 N1 C14 123.0(1) C5 C4 H4 117(1)
C12 N1 H1NH 115.6(9) C4 C5 C6 120 .6(1)
C14 N1 H1NH 121.1(9) C4 C5 H5 118.0(9)
0 1 Cl C2 117.4(1) C6 C5 H5 121.5(9)
0 1 Cl CIO 121.9(1) C5 C6 C7 121.5(1)
C2 Cl CIO 120.7(1) C5 C6 H6 120.6(9)
Cl C2 C3 122 .1(1) C7 C6 H6 117.9(9)
C l C2 C7 118.8(1) C2 C7 C6 117.7(1)
C3 C2 C7 119.0(1) C2 C7 C8 119.6(1)
C2 C3 C4 121 .1(1) C6 C7 C8 122.7(1)
C2 C3 H3 116.1(9) C7 C8 C9 118.5(1)
C7 C8 C ll 119.4(1) 0 2 C13 03 122.9(1)
C9 C8 C ll 121.5(1) 0 2 C13 C12 123.1(1)
C8 C9 CIO 122 .2(1) 03 C13 C12 114.00(9)
C8 C9 H9 119.4(8) 04 C14 N1 121.1(1)
CIO C9 H9 118.3(8) 04 C14 C15 122 .8 (1)
C l CIO C9 120 .0(1) N1 C14 C15 116.1(1)
C l CIO H10 118.6(9) C14 C15 C16 121.9(1)
C9 CIO H10 121.3(9) C14 C15 C20 118.8(1)
C8 C ll C12 130.1(1) C16 C15 C20 119.3(1)
C8 C ll H l l 118.0(8) C15 C16 C17 120.3(1)
C12 C ll H ll 111 .8(8 ) C15 C1Q H16 120 .1(8 )
N1 C12 C ll 123.6(1) C17 C18 H16 119.6(8)
N1 C12 C13 117.36(9) C16 C17 C18 119.9(1)
C ll C12 C13 118.9(1) C16 C17 H17 116(1)
Bond Angles (cont.)
C18 C17 H17 124(1) C20 C19 H19 116.6(9)
C17 C18 C19 120.3(1) C15 C20 C19 119.9(1)
C17 C18 H18 121(1) C15 C20 H20 121.2(9)
C19 C18 H18 119(1) C19 C20 H20 118.7(9)
C18 C19 C20 120.3(1)
C18 C19 H19 123.1(9)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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Table 12. Torsion Angles (deg) for (Z)-2-(N-benzoylamino)-3-(4-hydroxy-l-
naphthyl)propenoic Acid Monohydrate.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
C14 N1 C12 C ll 113.9(2)
C14 N1 C12 C13 -70.7(2)
C12 N1 C14 04 -5.3(3)
C12 N1 C14 C15 174.89(12)
0 1 Cl C3 C2 2.1(3)
0 1 Cl C3 C7 -175.8(2)
CIO Cl C3 C2 -178.4(2)
CIO Cl C3 C7 3.7(3)
0 1 C l CIO C9 175.7(2)
C3 Cl CIO C9 -3.7(3)
C l C3 C2 C4 -177.5(2)
C7 C3 C2 C4 0.4(3)
C l C3 C7 C6 178.5(2)
C l C3 C7 C8 -0.4(3)
C2 C3 C7 C6 0.6(3)
C2 C3 C7 C8 -178.3(2)
C3 C2 C4 C5 -0.6(4)
C2 C4 C5 C6 -0.1(4)
C4 C5 C6 C7 1.1(4)
C5 C6 C7 C3 -1.3(3)
C5 C6 C7 C8 177.5(2)
C3 C7 C8 C9 -2.9(3)
C3 C7 C8 C ll 168.4(2)
C6 C7 C8 C9 178.3(2)
C6 C7 C8 C ll -10.4(3)
C7 C8 C9 CIO 8.0(3)
C ll C8 C9 CIO -168.1(2)
C7 C8 C ll C12 155.9(2)
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Torsion Angles (cont.)
C9 C8 C ll C12 -33.0(3)
C8 C9 CIO C l 0.3(3)
C8 C ll C12 N1 -11.0(3)
C8 C ll C12 C13 173.6(2)
N1 C12 C13 0 2 -4.3(2)
N1 C12 C13 03 175.8(2)
C ll C12 C13 0 2 171.3(2)
C ll C12 C13 03 -8.6(3)
04 C14 C15 C16 -154.7(2)
04 C14 C15 C20 27.0(2)
N1 C14 C15 C16 25.2(2)
N1 C14 C15 C20 -153.2(2)
C14 C15 C16 C17 -177.2(2)
C20 C15 C16 C17 1.2(3)
C14 C15 C20 C19 175.9(2)
C16 C15 C20 C19 -2.5(3)
C15 C16 C17 C18 0.8(4)
C16 C17 C18 C19 -1.3(4)
C17 C18 C19 C20 -0.1(4)
C18 C19 C20 C15 2.0(3)
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Table 13. Crystal Data and Collection Parameters for (±)-2-(N- 
Benzoylamino)-3-(4-hydroxy-l-naphthyl)propanoic Acid.
form ula ^ 20 ^ 1 7^ 4







v ,  As 1710.9(5)
z 4
Dc, g/cm3 1.302
cryst size, mm 0.23x0.35x0.40
radiation CuKa
|i, cm' 1 7.09
temp, K 299
scan type co-20
collection range, deg 20=4-150
no. of unique data 3506
no. of data 2858 for I>3a(I)
P 0.02
no. of variables 295
R 0.042
Rw 0.055
goodness of fit 2.817
Table 14. Coordinates for (±)-2-(N-Benzoylamino)-3-(4-hydroxy-l- 
naphthyl)propanoic Acid.
X X mA2i
0 1 0.2331(1) -0.05298(8) 0.6645(2) 6.44(4)
0 2 0.5580(1) 0.40548(7) 1.0270(2) 6.36(3)
03 0.4129(1) 0.44930(7) 0.8436(2) 6.86(4)
04 0.62376(9) 0.30909(6) 0.6873(1) 4.04(2)
N 0.5661(1) 0.25667(7) 0.8760(1) 3.19(2)
C l 0.2672(1) 0.0227(1) 0.7274(2) 4.30(3)
C2 0.2076(1) 0.09354(9) 0.6514(2) 3.73(3)
C3 0.1208(1) 0.0857(1) 0.5170(2) 4.77(4)
C4 0.0639(2) 0.1540(1) 0.4477(2) 5.48(5)
C5 0.0895(2) 0.2333(1) 0.5096(2) 5.11(4)
C6 0.1739(1) 0.2432(1) 0.6390(2) 4.11(3)
C7 0.2368(1) 0.17367(9) 0.7146(1) 3.23(3)
C8 0.3261(1) 0.18156(9) 0.8494(1) 3.19(3)
C9 0.3795(1) 0.11085(9) 0.9163(2) 3.92(3)
CIO 0.3508(2) 0.0316(1) 0.8558(2) 4.42(4)
C ll 0.3654(1) 0.26527(9) 0.9155(1) 3.31(3)
C12 0.4588(1) 0.30723(8) 0.8494(1) 3.03(3)
C13 0.4826(1) 0.39347(9) 0.9140(2) 3.43(3)
C14 0.6380(1) 0.25702(8) 0.7867(1) 3.01(3)
C15 0.7328(1) 0.19194(9) 0.8079(1) 3.25(3)
C16 0.8135(1) 0.1951(1) 0.7231(2) 4.48(4)
Coordinates (cont.)
C17 0.8969(2) 0.1325(1) 0.7315(2) 5.64(4)
C18 0.9015(2) 0.0667(1) 0.8229(2) 5.80(5)
C19 0.8221(2) 0.0626(1) 0.9072(2) 6.88(5)
C20 0.7384(2) 0.1253(1) 0.8995(2) 5.60(4)
The equivalent isotropic therm al parameter, for atoms refined 
anisotropically, is defined by the equation:
3/4[a2B11 + b2B22 + c2B33 + abB12cosy + acB13cos|3 + bcB23Cosa]
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Table 15. Bond Distances (A) for (±)-2-(N-Benzoylamino)-3-(4-hydroxy-l-
naphthyl)propanoic Acid.
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
0 1 Cl 1.369(1) C7 C8 1.429(1)
0 2 C13 1.211(1) C8 C9 1.369(1)
03 C13 1.274(1) C8 C ll 1.505(1)
04 C14 1.243(1) C9 CIO 1.402(1)
N C12 1.449(1) C ll C12 1.541(1)
N C14 1.336(1) C12 C13 1.513(1)
Cl C2 1.426(1) C14 C15 1.490(1)
Cl CIO 1.354(2) C15 C16 1.387(1)
C2 C3 1.412(1) C15 C20 1.373(1)
C2 C7 1.425(1) C16 C17 1.382(2)
C3 C4 1.359(2) C17 C18 1.363(2)
C4 C5 1.403(2) C18 C19 1.371(2)
C5 C6 1.368(2) C19 C20 1.385(2)
C6 C7 1.423(1)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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Table 16. Bond Angles (deg) for (±)-2-(N-Benzoylamino)-3-(4-hydroxy-l-
naphthyl)propanoic Acid.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
C12 N C14 122 .21(8 ) C7 C8 C9 118.52(8)
0 1 Cl C2 116.2(1) C7 C8 C ll 121.63(8)
0 1 Cl CIO 123.0(1) C9 C8 C ll 119.81(9)
C2 Cl CIO 120.75(9) C8 C9 CIO 122 .2(1)
C l C2 C3 121.7(1) C l CIO C9 120.3(1)
C l C2 C7 118.47(9) C8 C ll C12 112.76(7)
C3 C2 C7 119.9(1) N C12 C ll 110.04(7)
C2 C3 C4 120 .6(1) N C12 C13 112.76(7)
C3 C4 C5 120.4(1) C ll C12 C13 107.85(7)
C4 C5 C6 120 .6(1) 0 2 C13 03 124.47(9)
C5 C6 C7 121 .0(1) 0 2 C13 C12 121.35(8)
C2 C7 C6 117.59(9) 03 C13 C12 114.09(8)
C2 C7 C8 119.77(8) 04 C14 N 120.59(8)
C6 C7 C8 122.64(9) 04 C14 C15 121.45(8)
N C14 C15 117.93(8) C16 C17 C18 120 .8(1)
C14 C15 C16 118.57(9) C17 C18 C19 119.5(1)
C14 C15 C20 123.04(9) C18 C19 C20 120 .0(1)
C16 C15 C20 118.2(1) C15 C20 C19 121 .2(1)
C15 C16 C17 120.4(1)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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Table 17. Torsion Angles (deg) for (±)-2-(N-Benzoylamino)-3-(4-hydroxy-l-
naphthyl)propanoic Acid.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
C14 N C12 C ll 151.57 (0.12)
C14 N C12 C13 -87.97 (0.15)
C12 N C14 04 9.47 ( 0.20)
C12 N C14 C15 -168.91 (0.12)
0 1 C l C2 C3 -1.70 (0.23)
0 1 C l C2 C7 177.90 (0.14)
CIO C l C2 C3 179.56 ( 0.16)
CIO C l C2 C7 -0.84(0.23)
0 1 C l CIO C9 -178.36 (0.16)
C2 C l CIO C9 0.29 (0.26)
Cl C2 C3 C4 178.99 (0.16)
C7 C2 C3 C4 -0.60 ( 0.24)
Cl C2 C7 C6 -178.29 (0.14)
Cl C2 C7 C8 1.46 (0.21)
C3 C2 C7 C6 1.32 (0.21)
C3 C2 C7 C8 -178.94 ( 0.14)
C2 C3 C4 C5 -0.78 (0.26)
C3 C4 C5 C6 1.43 (0.27)
C4 C5 C6 C7 -0.67 (0.26)
C5 C6 C7 C2 -0.69 (0.22)
C5 C6 C7 C8 179.58 (0.15)
C2 C7 C8 C9 -1.53 (0.20)
C2 C7 C8 C ll 176.12 (0.13)
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Torsion Angles (cont.)
C6 C7 C8 C9 178.20(0.14)
C6 C7 C8 C ll -4.15 (0.21)
C7 C8 C9 CIO 0.99(0.23)
C ll C8 C9 CIO -176.71(0.14)
C7 C8 C ll C12 -81.71 (0.16)
C9 C8 C ll C12 95.92 (0.15)
C8 C9 CIO Cl -0.37 (0.25)
C8 C ll C12 N -61.73 (0.14)
C8 C ll C12 C13 174.89 (0.11)
N C12 C13 0 2 -34.14 (0.19)
N C12 C13 03 149.27 (0.13)
C ll C12 C13 0 2 87.57 (0.17)
C ll C12 C13 03 -89.03(0.15)
04 C14 C15 C16 6.22  ( 0 .20)
04 C14 C15 C20 -168.57 ( 0.14)
N C14 C15 C16 -175.41 (0.13)
N C14 C15 C20 9.80 (0.21)
C14 C15 C16 C17 -175.03 (0.15)
C20 C15 C16 C17 0.02 (0.37)
C14 C15 C20 C19 174.67 (0.16)
C16 C15 C20 C19 -0.14 (0.24)
C15 C16 C17 C18 -0.04 (0.25)
C16 C17 C18 C19 0.18 (0.30)
C17 C18 C19 C20 -0.30 (0.30)
C18 C19 C20 C15 0.29 (0.29)
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Table 18. Crystal Data and Collection Parameters for 2-Amino-5- 
hydroxyindan-2-carboxylic Acid Monohydrate.
form ula C10H13NO4
Mr, g mol' 1 211.2
system monoclinic








cryst size, mm 0.07x0.10x0.38
radiation MoKa
|i, cm' 1 1.03
temp, K 294
scan type co-20
collection range, deg 20=4-25
no. of unique data 965
no. of data 921 for I>0
P 0.02
no. of variables 188
R 0.038
Rw 0.033
goodness of fit 1.126
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Table 19. Coordinates for 
2-Amino-5-hydroxyindan-2-carboxylic Acid Mopnohydrate.
M m X X £ B(A2)
0 1 1.2485(2) 0.9740(4) 0.8976(1) 3.75(4)
0 2 1.0328(2) 1.0528(3) 0.9928(1) 4.30(4)
03 0.5222(2) 1.000 0.2721(1) 3.21(3)
N1 0.7553(2) 0.8319(3) 0.8457(1) 2.42(4)
C l 1.0803(3) 0.9826(4) 0.9070(2) 2.56(4)
C2 0.9176(2) 0.9041(4) 0.7981(2) 2.17(4)
C3 0.8454(3) 1.0867(4) 0.7066(2) 2.35(4)
C4 0.7765(2) 0.9693(4) 0.5882(2) 2.13(4)
C5 0.8525(3) 0.7613(4) 0.5996(2) 2.09(4)
C6 0.9717(3) 0.7173(4) 0.7273(2) 2.45(4)
C7 0.6640(3) 1.0488(4) 0.4788(2) 2.25(4)
C8 0.6326(3) 0.9181(4) 0.3789(2) 2.36(4)
C9 0.7102(3) 0.7086(4) 0.3880(2) 2.40(4)
CIO 0.8196(3) 0.6304(4) 0.4988(2) 2.32(4)
01W 0.4439(2) 0.7120(3) 0.0910(1) 3.22(3)
The equivalent isotropic therm al parameter, for atoms refined 
anisotropically, is defined by the equation:
4/3[a2Bn  + b2B22 + c2B33 + abB12cosy + acB13cos(3 + bcB23cosa]
Table 2 0 . Bond Distances (A) for 2-Amino-5-hydroxyindan-2-carboxylic
Acid Monohydrate.
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
0 1 Cl 1.254(3) C4 C5 1.387(3)
0 2 Cl 1.227(3) C4 C7 1.389(2)
03 C8 1.366(2) C5 C6 1.512(2)
N1 C2 1.504(3) C5 CIO 1.388(3)
Cl C2 1.538(2) C7 C8 1.380(3)
C2 C3 1.535(3) C8 C9 1.401(3)
C2 C6 1.532(3) C9 CIO 1.390(3)
C3 C4 1.508(3)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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Table 21. Bond Angles (deg) for 2-Axnino-5-hydroxyindan-2-carboxylic Acid
Monohydrate.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
01 Cl 02 126.5(2) C5 C4 C7 121.7(2)
01 Cl C2 116.4(2) C4 C5 C6 110.9(2)
02 Cl C2 117.1(2) C4 C5 CIO 119.4(2)
N1 C2 Cl 106.3(2) C6 C5 CIO 129.6(2)
N1 C2 C3 109.2(1) C2 C6 C5 103.4(2)
N1 C2 C6 108.9(2) C4 C7 C8 118.5(2)
Cl C2 C3 111.5(2) 03 C8 C7 117.5(2)
C l C2 C6 115.3(2) 03 C8 C9 121.7(2)
C3 C2 C6 105.5(2) C7 C8 C9 120.7(2)
C2 C3 C4 103.8(2) C8 C9 CIO 119.9(2)
C3 C4 C5 109.9(2) C5 CIO C9 119.7(2)
C3 C4 C7 128.3(2)
Numbers in parentheses are estimated standard deviations in
the least significant digits.
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Table 22. Torsion Angles (deg) for 2-Amino-5-hydroxyindan-2-carboxylic
Acid Monohydrate.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
01 Cl C2 N1 154.44 (0.21)
01 Cl C2 C3 -86.60 (0.25)
01 Cl C2 C6 33.66 (0.29)
02 C l C2 N1 -27.53 (0.28)
02 Cl C2 C3 91.43 (0.24)
02 Cl C2 C6 -148.31 (0.21)
N1 C2 C3 C4 -91.88 (0.18)
Cl C2 C3 C4 150.89 (0.16)
C6 C2 C3 C4 25.02(0.19)
N1 C2 C6 C5 93.61 (0.18)
C l C2 C6 C5 -147.01 (0.17)
C3 C2 C6 C5 -23.50 (0.20)
C2 C3 C4 C5 -17.33 (0.21)
C2 C3 C4 C7 166.42 (0.19)
C3 C4 C5 C6 2.49 (0.23)
C3 C4 C5 CIO -175.02(0.18)
C7 C4 C5 C6 179.03 (0.18)
C7 C4 C5 CIO 1.52 (0.30)
C3 C4 C7 C8 174.04(0.19)
C5 C4 C7 C8 -1.81 (0.29)
C4 C5 C6 C2 13.43 (0.22)
CIO C5 C6 C2 -169.39(0.20)
C4 C5 CIO C9 -0.34 (0.29)
C6 C5 CIO C9 -177.31 (0.20)
C4 C7 C8 03 -179.74 ( 0.18)
C4 C7 C8 C9 0.94 (0.30)
03 C8 C9 CIO -179.10 (0.18)
C7 C8 C9 CIO 0.20 ( 0.30)
C8 C9 CIO C5 -0.50 (0.30)
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Table 23. Crystal Data and Collection Parameters for (±)-3-Amino-1,2,3,4- 
tetrahydrocarbazole-3-carboxylic Acid Dihydrate.
form ula C 13H 18N 2^4







v ,  As 1277.6(5)
z 4
Dc, g/cm3 1.384
cryst size, mm 0.12x0.55x0.58
radiation CuKa
|i, cm '1 8.17
temp, K 296
scan type co-20
collection range, deg 26=4-150
no. of unique data 2624
no. of data 2452 for I>3a(I)
P 0.02
no. of variables 245
R 0.046
Rw 0.065
goodness of fit 4.014
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Table 24. Coordinates for (±)-3-Amino-l,2,3,4-tetrahydrocarbazole-3-
carboxylic Acid Dihydrate.
Atom X 2 X B(A2)
01 0.65385(5) 0.0349(2) -0.29227(8) 3.20(2)
02 0.55773(5) -0.0528(2) -0.20244(9) 3.55(2)
N1 0.87143(6) -0.2707(2) 0.1391(1) 2.70(2)
N2 0.63009(5) -0.2163(2) -0.00057(8) 2.13(2)
C l 0.77448(7) 4).3995(2) -0.0341(1) 2.50(2)
C2 0.81022(6) -0.2371(2) 0.0519(1) 2.21(2)
C3 0.78630(6) -0.0392(2) 0.0622(1) 2.03(2)
C4 0.72299(6) 0.0484(2) -0.0239(1) 2.04(2)
C5 0.67582(6) -0.1254(2) -0.0916(1) 1.95(2)
C6 0.72232(7) -0.2964(2) -0.1385(1) 2.39(2)
C7 0.62417(7) -0.0388(2) -0.2050(1) 2.22(2)
C8 0.83356(6) 0.0573(2) 0.1634(1) 2.13(2)
C9 0.88664(6) -0.0927(2) 0.2083(1) 2.45(2)
CIO 0.94154(7) -0.0520(3) 0.3079(1) 3.04(3)
C ll 0.94178(7) 0.1393(3) 0.3648(1) 3.16(3)
C12 0.88852(7) 0.2893(2) 0.3239(1) 2.91(3)
C13 0.83456(7) 0.2491(2) 0.2244(1) 2.48(2)
01W 0.56414(5) 0.1423(2) 0.08972(9) 3.25(2)
02W 0.55811(6) -0.5517(2) -0.1068(1) 3.84(2)
The equivalent isotropic therm al parameter, for atoms refined 
anisotropically, is defined by the equation:
4/3[a2B11 + b2B22 + c2B33 + abB12cosy + acB13cos|5 + bcB23cosa]
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Table 25. Bond Distances (A) for (±)-3-Amino-l,2,3,4-tetrahydrocarbazole-3-
carboxylic Acid Dihydrate.
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
01 C7 1.2477(9) C4 C5 1.5416(8)
02 C7 1.2434(8) C5 C6 1.5308(9)
N1 C2 1.3860(8) C5 C7 1.5471(8)
N1 C9 1.3753(9) C8 C9 1.4181(9)
N2 C5 1.5032(8) C8 C13 1.400(1)
C l C2 1.4908(9) C9 CIO 1.397(1)
C l C6 1.5287(9) CIO C ll 1.378(1)
C2 C3 1.361(1) C ll C12 1.410(1)
C3 C4 1.5020(8) C12 C13 1.3847(9)
C3 C8 1.4402(8)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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Table 26. Bond Angles (A) for (±)-3-Amino-l,2,3,4-tetrahydrocarbazole-3-
carboxylic Acid Dihydrate.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
C2 N1 C9 108.78(6) C6 C5 C7 108.48(5)
C2 Cl C6 109.36(6) Cl C6 C5 113.62(5)
N1 C2 C l 124.17(6) 01 C7 02 126.23(6)
N1 C2 C3 109.78(6) 01 C7 C5 116.07(6)
C l C2 C3 125.96(6) 02 C7 C5 117.68(6)
C2 C3 C4 122.65(6) C3 C8 C9 106.46(6)
C2 C3 C8 107.17(5) C3 C8 C13 134.66(6)
C4 C3 C8 130.15(6) C9 C8 C13 118.77(6)
C3 C4 C5 111.22(5) N1 C9 C8 107.78(6)
N2 C5 C4 108.25(5) N1 C9 CIO 130.10(7)
N2 C5 C6 109.36(5) C8 C9 CIO 122.10(7)
N2 C5 C7 108.00(5) C9 CIO C ll 117.73(7)
C4 C5 C6 111.68(5) CIO C ll C12 121.24(6)
C4 C5 C7 110.99(5) C ll C12 C13 120.88(7)
C8 C13 C12 119.23(7)
Numbers in parentheses are estimated standard deviations in
the least significant digits.
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Table 27. Torsion Angles (deg) for (±)-3-Amino-l,2,3,4-tetrahydrocarbazole-
3-carboxylic Acid Dihydrate.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
C9 N1 C2 Cl -175.76(0.11)
C9 N1 C2 C3 1.01 (0.14)
C2 N1 C9 C8 -0.06 (0.13)
C2 N1 C9 CIO 178.53 (0.13)
C6 C l C2 N1 -165.11 (0.11)
C6 C l C2 C3 18.64(0.17)
C2 C l C6 C5 -44.09 (0.14)
N1 C2 C3 C4 176.82(0.10)
N1 C2 C3 C8 -1.52(0.13)
Cl C2 C3 C4 -6.47(0.19)
Cl C2 C3 C8 175.18(0.11)
C2 C3 C4 C5 18.39(0.15)
C8 C3 C4 C5 -163.69 (0.11)
C2 C3 C8 C9 1.44 (0.13)
C2 C3 C8 C13 -174.66 (0.13)
C4 C3 C8 C9 -176.73 (0.11)
C4 C3 C8 C13 7.16 (0.22)
C3 C4 C5 N2 77.28 (0.11)
C3 C4 C5 C6 -43.16 (0.13)
C3 C4 C5 C7 -164.35 ( 0.09)
N2 C5 C6 Cl -60.79 (0.13)
C4 C5 C6 Cl 59.00 (0.13)
C7 C5 C6 Cl -178.36(0.10)
N2 C5 C7 01 -177.09(0.11)
N2 C5 C7 02 1.38 (0.16)
C4 C5 C7 01 64.40 ( 0.14)
C4 C5 C7 02 -117.14(0.13)
C6 C5 C7 01 -58.66 ( 0.14)
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Torsion Angles (cont.)
C6 C5 C7 02 119.80 (0.13)
C3 C8 C9 N1 -0.84(0.13)
C3 C8 C9 CIO -179.57 (0.12)
C13 C8 C9 N1 176.00(0.11)
C13 C8 C9 CIO -2.73(0.19)
C3 C8 C13 C12 177.82(0.13)
C9 C8 C13 C12 2.08 (0.18)
N1 C9 CIO C ll -176.73 (0.13)
C8 C9 CIO C ll 1.69(0.20)
C9 CIO C ll C12 -0.06 (0.22)
CIO C ll C12 C13 -0.52 (0.21)
C ll C12 C13 C8 -0.53 (0.20)
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Table 28. Crystal Data and Collection Parameters for Ethyl (±)-l,2,3,4- 
Tetrahydrocarbazole-3-carboxylate.
form ula C 1 5 ^ 1 7 ^ 2







v ,  A3 1317.4(5)
z 4
Dc, g/cm3 1.227
cryst size, mm 0.25x0.38x0.45
radiation MoKa
p, cm '1 0.76
temp, K 298
scan type co-20
collection range, deg 20=2-55
no. of unique data 3015
no. of data 1348 for I>la(I)
P 0.02
no. of variables 167
R 0.077
Rw 0.050
goodness of fit 1.655
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Table 29. Coordinates for Ethyl (±)-l,2,3,4-Tetrahydrocarbazole-3-
carboxylate.
Atom x y z B(A2)
01 0.2891(2) 0.1062(3) 0.7353(1) 7.11(6)
02 0.0776(2) 0.1482(3) 0.6763(1) 7.75(7)
N1 -0.0193(2) 0.2677(3) 1.0125(1) 5.28(6)
Cl 0.1838(3) 0.2711(4) 0.9498(1) 5.09(8)
C2 0.0407(3) 0.2362(4) 0.9506(1) 4.49(7)
C3 -0.0506(3) 0.1733(4) 0.8899(1) 4.74(7)
C4 -0.0190(3) 0.1314(4) 0.8126(2) 5.67(8)
C5 0.1304(3) 0.1307(4) 0.8158(1) 5.52(8)
C6 0.2012(3) 0.2825(4) 0.8652(1) 5.46(8)
C7 -0.1743(3) 0.1623(4) 0.9147(2) 5.14(8)
C8 -0.1528(3) 0.2235(4) 0.9918(2) 5.03(7)
C9 -0.2553(3) 0.2372(5) 1.0333(2) 6.36(9)
CIO -0.3806(3) 0.1855(5) 0.9949(2) 7.6(1)
C ll -0.4044(3) 0.1208(5) 0.9192(2) 7.7(1)
C12 -0.3027(3) 0.1099(5) 0.8785(2) 6.70(9)
C13 0.1603(3) 0.1296(4) 0.7352(2) 5.62(8)
C14 0.3263(3) 0.1026(5) 0.6593(2) 7.2(1)
C15 0.4733(3) 0.0828(7) 0.6723(2) 9.3(1)
The equivalent isotropic therm al parameter, for atoms refined 
anisotropically, is defined by the equation:
4/3[a2Bn  + b2B22 + c2B33 + abB12cosy + acB13cos(5 + bcB23Cosa]
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Table 30. Bond Distances for Ethyl (±)-l,2,3,4-Tetrahydrocarbazole-3-
carboxylate.
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
01 C13 1.327(4) C4 C5 1.516(4)
01 C14 1.457(4) C5 C6 1.523(4)
02 C13 1.204(3) C5 C13 1.504(4)
N1 C2 1.370(3) C7 C8 1.402(4)
N1 C8 1.379(4) C7 C12 1.394(4)
Cl C2 1.489(4) C8 C9 1.395(4)
C l C6 1.531(4) C9 CIO 1.376(4)
C2 C3 1.351(3) CIO C ll 1.389(5)
C3 C4 1.487(4) C ll C12 1.376(5)
C3 C7 1.421(4) C14 C15 1.480(5)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
Table 31. Bond Angles (deg) for Ethyl (±)-l,2,3,4-Tetrahydrocarbazole-3-
carboxylate.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
C13 01 C14 116.4(2) C3 C7 C8 107.5(2)
C2 N1 C8 109.1(2) C3 C7 C12 133.7(3)
C2 Cl C6 109.0(2) C8 C7 C12 118.8(3)
N1 C2 C l 125.1(2) N1 C8 C7 106.6(2)
N1 C2 C3 109.6(2) N1 C8 C9 130.7(2)
C l C2 C3 125.2(2) C7 C8 C9 122.6(2)
C2 C3 C4 123.3(3) C8 C9 CIO 116.5(3)
C2 C3 C7 107.1(2) C9 CIO C ll 122.1(3)
C4 C3 C7 129.6(2) CIO C ll C12 120.8(3)
C3 C4 C5 111.7(2) C7 C12 C ll 119.1(3)
C4 C5 C6 112.2(3) 01 C13 02 122.7(3)
C4 C5 C13 111.1(2) 01 C13 C5 112.9(2)
C6 C5 C13 111.9(3) 02 C13 C5 124.4(3)
C l C6 C5 111.9(2) 01 C14 C15 107.8(2)
Numbers in parentheses are estimated standard deviations in
the least significant digits.
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Table 32. Torsion Angles (deg) for Ethyl (±)-l,2,3,4-Tetrahydrocarbazole-3-
carboxylate.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
C14 01 C13 02 -0.47 (0.46)
C14 01 C13 C5 179.67 (0.27)
C13 01 C14 C15 177.75 (0.31)
C8 N1 C2 Cl 178.63 (0.27)
C8 N1 C2 C3 0.31 (0.33)
C2 N1 C8 C7 0.26 (0.33)
C2 N1 C8 C9 -177.65 (0.32)
C6 Cl C2 N1 -160.19(0.27)
C6 Cl C2 C3 17.88 (0.41)
C2 Cl C6 C5 -46.59 (0.33)
N1 C2 C3 C4 177.87 (0.26)
N1 C2 C3 C7 -0.73 (0.33)
Cl C2 C3 C4 -0.45 (0.47)
Cl C2 C3 C7 -179.05(0.28)
C2 C3 C4 C5 11.87 (0.41)
C7 C3 C4 C5 -169.87 (0.29)
C2 C3 C7 C8 0.88 (0.33)
C2 C3 C7 C12 179.21 (0.35)
C4 C3 C7 C8 -177.60(0.29)
C4 C3 C7 C12 0.73 (0.57)
C3 C4 C5 C6 -41.01 (0.33)
C3 C4 C5 C13 -167.14(0.25)
C4 C5 C6 Cl 60.86 ( 0.31)
C13 C5 C6 Cl -173.47(0.24)
C4 C5 C13 01 -171.96(0.26)
C4 C5 C13 02 8.18 (0.44)
C6 C5 C13 01 61.79 ( 0.34)
C6 C5 C13 02 -118.08 (0.34)
C3 C7 C8 N1 -0.69 (0.33)
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Torsion Angles (cont.)
C3 C7 C8 C9 177.43 (0.29)
C12 C7 C8 N1 -179.31 (0.27)
C12 C7 C8 C9 -1.19 (0.47)
C3 C7 C12 C ll -177.79 (0.34)
C8 C7 C12 C ll 0.38 (0.49)
N1 C8 C9 CIO 178.23 (0.31)
C7 C8 C9 CIO 0.61 (0.48)
C8 C9 CIO C ll 0.77 (0.52)
C9 CIO C ll C12 -1.58 (0.57)
CIO C ll C12 C7 0.95 ( 0.54)
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Table 33. Crystal Data and Collection Parameters for 1,2,3,4- 
Tetrahydrocarbazole.
form ula Ci2H13N






v , As 948.7(4)
z 4
Dc, g/cm3 1.199
cryst size, mm 0.10x0.25x0.50
radiation CuKa
p, cm '1 4.99
temp, K 295
scan type co-20
collection range, deg 20=4-150
no. of unique data 1953
no. of data 1775 for I>3o(I)
P 0.02
no. of variables 146
R 0.048
Rw 0.065
goodness of fit 2.672
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Table 34. Coordinates for 1,2,3,4-Tetrahydrocarbazole.
Atom X. z B(A2)
N1 0.7449(3) -0.0992(2) 0.45653(8) 4.31(3)
C l 0.6730(4) -0.0157(3) 0.3327(1) 5.21(5)
C2 0.6216(3) -0.0180(2) 0.40771(9) 3.80(3)
C3 0.4439(3) 0.0540(2) 0.43783(9) 3.50(3)
C4 0.2741(3) 0.1487(3) 0.3981(1) 4.60(4)
C5a 0.2946(6) 0.1039(5) 0.3197(2) 4.87(7)*
C5b 0.353(1) 0.1879(7) 0.3277(3) 4.9(1)*
C6 0.5077(5) 0.0840(4) 0.2954(1) 8.64(8)
C7 0.4540(3) 0.0153(2) 0.50935(9) 3.48(3)
C8 0.6447(3) -0.0815(2) 0.51992(9) 3.74(3)
C9 0.7042(4) -0.1414(3) 0.5843(1) 4.44(4)
CIO 0.5711(4) -0.1042(3) 0.6382(1) 4.91(5)
C ll 0.3801(4) -0.0092(3) 0.6290(1) 5.03(4)
C12 0.3217(3) 0.0521(3) 0.5658(1) 4.45(4)
Starred atoms were refined isotropically. C5a is 60% populated; 
C5b, 40%.
The equivalent isotropic therm al parameter, for atoms refined 
anisotropically, is defined by the equation:
4/3[a2B11 + b2B22 + c2B33 + abB12cosY + acB13cos|3 + bcB^cosa]
Table 35. Bond Distances (A) for 1,2,3,4-Tetrahydrocarbazole. 
















CIO C ll 1.404(4)
C ll C12 1.372(3)
Numbers in parentheses are estimated standard deviations 
inthe least significant digits.
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Table 36. Bond Angles (deg) for 1,2,3,4-Tetrahydrocarbazole. 
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
C2 N1 C8 109.0(2) Cl C6 C5a 122.3(3)
C2 Cl C6 110.1(2) Cl C6 C5b 123.9(3)
N1 C2 Cl 124.5(2) C5a C6 C5b 32.0(3)
N1 C2 C3 109.8(2) C3 C7 C8 107.2(2)
Cl C2 C3 125.7(2) C3 C7 C12 134.2(2)
C2 C3 C4 122.9(2) C8 C7 C12 118.6(2)
C2 C3 C7 107.2(2) N1 C8 C7 107.0(2)
C4 C3 C7 129.9(2) N1 C8 C9 130.7(2)
C3 C4 C5a 109.4(2) C7 C8 C9 122.3(2)
C3 C4 C5b 110.9(3) C8 C9 CIO 117.6(2)
C5a C4 C5b 29.1(3) C9 CIO C ll 121.2(2)
C4 C5a C6 115.5(3) CIO C ll C12 121.5(2)
C4 C5b C6 120.5(4) C7 C12 C ll 118.7(2)
Numbers in parentheses are estimated standard deviations in
the least significant digits.
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Table 37. Torsion Angles (deg) for 1,2,3,4-Tetrahydrocarbazole.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
C8 N1 C2 Cl -177.34(0.19)
C8 N1 C2 C3 0.59 (0.21)
C2 N1 C8 C7 -0.44 ( 0.20)
C2 N1 C8 C9 179.44 ( 0.20)
C6 Cl C2 N1 -179.62 ( 0.21)
C6 Cl C2 C3 2.78 (0.32)
C2 C l C6 C5a -26.60 (0.39)
C2 Cl C6 C5b 11.72 (0.47)
N1 C2 C3 C4 -178.52 (0.17)
N1 C2 C3 C7 -0.49 (0.21)
Cl C2 C3 C4 -0.62 (0.30)
Cl C2 C3 C7 177.41 (0.19)
C2 C3 C4 C5a 17.13 (0.28)
C2 C3 C4 C5b -13.88 (0.34)
C7 C3 C4 C5a -160.42 ( 0.21)
C7 C3 C4 C5b 168.57 (0.28)
C2 C3 C7 C8 0.21 (0.19)
C2 C3 C7 C12 -179.74 (0.20)
C4 C3 C7 C8 178.06 (0.18)
C4 C3 C7 C12 -1.90 ( 0.34)
C3 C4 C5a C5b -98.48 (0.55)
C3 C4 C5a C6 -37.94 (0.35)
C5b C4 C5a C6 60.54 ( 0.56)
C3 C4 C5b C5a 92.44 ( 0.53)
C3 C4 C5b C6 27.52 (0.54)
C5a C4 C5b C6 -64.92 ( 0.54)
C4 C5a C5b C6 125.43 (0.31)
C6 C5a C5b C4 -125.43 (0.31)
C4 C5a C6 Cl 46.02 (0.43)
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Torsion Angles (cont.)
C4 C5a C6 C5b -57.56 (0.50)
C5b C5a C6 Cl 103.58 (0.56)
C4 C5b C6 Cl -28.58 (0.66)
C4 C5b C6 C5a 69.33 (0.54)
C5a C5b C6 Cl -97.91 (0.56)
C3 C7 C8 N1 0.14(0.21)
C3 C7 C8 C9 -179.75 (0.17)
C12 C7 C8 N1 -179.90 ( 0.18)
C12 C7 C8 C9 0.21 (0.28)
C3 C7 C12 C ll 178.95(0.21)
C8 C7 C12 C ll -1.00 (0.28)
N1 C8 C9 CIO -179.66 ( 0.20)
C7 C8 C9 CIO 0.21 (0.29)
C8 C9 CIO C ll 0.17 (0.33)
C9 CIO C ll C12 -1.00 (0.35)
CIO C ll C12 C7 1.40 (0.33)
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Table 38. Crystal Data and Collection Parameters for 1,2,3,4-Tetrahydro-P-
carboline.
form ula C11H12N2










cryst size, mm 0.20x0.23x0.35
radiation CuKa
p, cm '1 5.47
temp, K 295
scan type (0-20
collection range, deg 20=4-150
no. of unique data 1834
no. of data 1681 for I>3a(I)
P 0.02
no. of variables 176
R 0.044
Rw 0.058
goodness of fit 3.078
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Table 39. Coordinates for 1,2,3,4-Tetrahydro-P-carboline.
Atom X Z. B(A2)
N1 1.0837(2) 0.29670(9) 0.33245(7) 3.98(2)
N2 1.0910(2) 0.6369(1) 0.23967(9) 4.07(2)*
N2' 1.1724(9) 0.6461(5) 0.2988(4) 4.5(1)*
Cl 1.1909(2) 0.5131(1) 0.26464(9) 4.39(2)
C2 1.0534(2) 0.4264(1) 0.31917(8) 3.56(2)
C3 0.8820(2) 0.4655(1) 0.36339(8) 3.37(2)
C4 0.8163(2) 0.6035(1) 0.3634(1) 4.21(2)
C5 0.9786(2) 0.6877(1) 0.3205(1) 4.92(3)
C6 0.7961(2) 0.35370(9) 0.40698(8) 3.18(2)
C7 0.9277(2) 0.2500(1) 0.38689(8) 3.33(2)
C8 0.8899(2) 0.1260(1) 0.42021(9) 3.89(2)
C9 0.7209(2) 0.1060(1) 0.47514(9) 4.05(2)
CIO 0.5889(2) 0.2063(1) 0.49571(9) 4.15(2)
C ll 0.6243(2) 0.3294(1) 0.46174(9) 3.84(2)
The equivalent isotropic therm al parameter, for atoms refined 
anisotropically, is defined by the equation:
4/3[a2B11 + b2B22 + c2B33 + abB12cosy + acB13cosP + bcB23cosa]
*N2 is 80% populated; N2', 20%.
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Table 40. Bond Distance (A) for 1,2,3,4-Tetrahydro-P-carboline.
Atom 1 Atom 2 Distance Atom 1 Atom 2 Distance
N1 C2 1.377(1) C3 C4 1.502(2)
N1 C7 1.375(2) C3 C6 1.430(1)
N2 N2' 0.948(5) C4 C5 1.516(2)
N2 C l 1.483(2) C6 C7 1.420(2)
N2 C5 1.437(2) C6 C ll 1.399(2)
N2' C l 1.466(5) C7 C8 1.392(2)
N2' C5 1.395(6) C8 C9 1.377(2)
Cl C2 1.492(2) C9 CIO 1.397(2)
C2 C3 1.361(2) CIO C ll 1.383(2)
Numbers in parentheses are estimated standard deviations in 
the least significant digits.
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Table 41. Bond Angles (deg) for 1,2,3,4-Tetrahydro-P-carboline.
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle
C2 N1 C7 107.9(1) C4 C3 C6 131.3(1)
N2’ N2 Cl 70.3(3) C3 C4 C5 110.1(1)
N2' N2 C5 68.1(4) N2 C5 N2' 39.1(2)
C l N2 C5 112.9(1) N2 C5 C4 117.8(1)
N2 N2' Cl 72.2(3) N2' C5 C4 124.7(2)
N2 N2' C5 72.9(4) C3 C6 C7 106.66(9)
C l N2' C5 116.5(4) C3 C6 C ll 134.8(1)
N2 Cl N2' 37.5(2) C7 C6 C ll 118.5(1)
N2 Cl C2 111.2(1) N1 C7 C6 108.00(9)
N2' C l C2 111.1(2) N1 C7 C8 130.2(1)
N1 C2 Cl 124.6(1) C6 C7 C8 121.8(1)
N1 C2 C3 110.9(1) C7 C8 C9 118.1(1)
C l C2 C3 124.4(1) C8 C9 CIO 121.2(1)
C2 C3 C4 122.2(1) C9 CIO C ll 120.9(1)
C2 C3 C6 106.5(1) C6 C ll CIO 119.4(1)
Numbers in parentheses are estimated standard deviations in
the least significant digits.
Table 42. Torsion Angles (deg) for 1,2,3,4-Tetrahydro-p-carboline.
Atom 1 Atom 2 Atom 3 Atom 4 Angle
C7 N1 C2 Cl 179.35(0.11)
C7 N1 C2 C3 -0.02 (0.69)
C2 N1 C7 C6 0.56 (0.12)
C2 N1 C7 C8 -179.53 (0.12)
C l N2 N2’ C5 -126.08 (0.23)
C5 N2 N2' C l 126.08 (0.23)
N2' N2 Cl C2 97.38 (0.37)
C5 N2 Cl N2’ -54.45 (0.37)
C5 N2 Cl C2 42.92 ( 0.15)
N2' N2 C5 C4 -111.86(0.35)
Cl N2 C5 N2’ 55.65 (0.34)
Cl N2 C5 C4 -56.20 (0.16)
N2 N2' Cl C2 -97.71 (0.30)
C5 N2' C l N2 59.64 (0.35)
C5 N2’ Cl C2 -38.07 (0.43)
N2 N21 C5 C4 92.66 ( 0.33)
Cl N2’ C5 N2 -59.30 (0.32)
Cl N2’ C5 C4 33.37 (0.50)
N2 C l C2 N1 164.58 (0.11)
N2 C l C2 C3 -16.15 (0.16)
N2' C l C2 N1 -155.11 (0.25)
N2' C l C2 C3 24.15 (0.28)
N1 C2 C3 C4 177.88(0.10)
N1 C2 C3 C6 -0.54 (0.13)
Cl C2 C3 C4 -1.48 (0.17)
Cl C2 C3 C6 -179.90 (0.11)
C2 C3 C4 C5 -7.10 (0.16)
C6 C3 C4 C5 170.88 (0.11)
C2 C3 C6 C7 0.86 (0.12)
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Torsion Angles (cont.)
C2 C3 C6 C ll 179.97 (0.32)
C4 C3 C6 C7 -177.36(0.11)
C4 C3 C6 C ll 1.75 (0.22)
C3 C4 C5 N2 36.16(0.16)
C3 C4 C5 N2' -9.20 (0.32)
C3 C6 C7 N1 -0.88 (0.12)
C3 C6 C7 C8 179.20 ( 0.11)
C ll C6 C7 N1 179.84 (0.11)
C ll C6 C7 C8 -0.08 (0.23)
C3 C6 C ll CIO -178.16(0.12)
C7 C6 C ll CIO 0.87 (0.16)
N1 C7 C8 C9 179.24 (0.12)
C6 C7 C8 C9 -0.86 (0.17)
C7 C8 C9 CIO 1.01 (0.18)
C8 C9 CIO C ll -0.23 (0.19)
C9 CIO C ll C6 -0.74 (0.19)
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CHAPTER 2 
The Synthesis of Prenylated Phenolic Compounds 
Marco Antonio Vela and Nikolaus H artm ut Fischer
1. INTRODUCTION.
F lavonoids1 and Coum arins2 represent major groups of oxygenated 
aromatic plant products. Their structural complexity varies strongly and 
ranges from simple skeletal systems to relatively complex structures. 
Comprehensive reviews concerning the isolation and the characterization 
of these oxygenated heterocyclic compounds are available1’2 but a review on 
the synthesis of prenylated phenolic natural products has not yet been 
published.
In naturally occurring phenolics, prenyl groups are typically found at 
carbons adjacent to phenolic or methoxy functionalities either as the open 
chain 3-methyl-2-butenyl moiety or as cyclic entities such as the 2,2- 
dimethylchromanes, furans, or dihydrofurans. The presence of prenyl 
moieties in phenolic compounds generally increases their biological activity 
when compared w ith the non-prenylated analogs, which has been 
suggested to be due to an increase in lipophilicity.3
The introduction of a prenyl unit into a phenolic backbone represents a 
challenging problem for synthetic chemists. The regioselectivity of carbon 
versus oxygen alkylation on a variety of phenolic compounds has been the 
main topic of a num ber of investigations. Studies involving systematic 
variations of reaction conditions have shown th a t O-alkylation is favored 
when polar, aprotic media, large counterions, low concentrations of the 
anion, hard leaving groups and alkylating agents of low S jj2 reactivity are
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employed. Selective C-alkylations, usually the desired product, are favored 
when polar protic solvents, soft leaving groups, and small counterions 
which are tightly  bound to oxygen, are  used .4 A nother factor th a t 
complicates synthetic efforts is the frequent presence, in the starting  
m aterials, of more than  one hydroxy or methoxy group. Regioselective 
alkylation adjacent to one oxygenated site over another is therefore difficult 
to control. Several approaches have been developed to overcome these 
synthetic problems.
In a given synthetic sequence the prenyl group can be incorporated into 
the phenolic precursor a t various synthestic stages. In many instances the 
prenyl unit was introduced very early in the synthesis followed by further 
transform ations toward more complex substances. A great num ber of 
prenylations have been carried out a t later synthetic steps, to prevent facile 
double bond isomerization of of the prenyl double bond into conjugation with 
the aromatic ring.
This review is intended to provide a wide variety of methods tha t have 
been commonly used for the introduction of both allyl and dimethylallyl 
moieties into phenolic backbones. Most methodologies, which are compiled 
according to reaction type, can be considered "classical". Due to the 
overwhelming number of examples found in  the literature, we do not claim 
this review to be comprehensive.
2. C-PRENYLATIONS INVOLVING CLAISEN REARRANGEMENTS OF 
ALLYL PHENYL ETHERS.
This methodology, which generally proceeds w ith good yields, is
exemplified in Scheme 1. The procedure involves the initial alkylation of a
phenol group with 3-chloro-3-methyl-l-butyne (CMB) in the presence of 
K 2C 0 3 in acetone or DMF, with KI present in catalytic amounts. Partial 
reduction of the resulting propargylic ether affords the 1 ,1-dimethylallyl 
phenyl ether which is subjected to Claisen rearrangem ent conditions in 
either N,N-dimethylaniline (DMA) or N,N-diethylaniline (DEA) at elevated 
tem peratures. In the case of unsym m etrical phenols, m ixtures of C- 
prenylated compounds are formed when the allyl ether interm ediate 
contains two free ortho positions. Simple phenolic compounds have been 
successfully  p ren y la ted  by th is  m ethod .5 Scheme 2 shows the 
tra n s fo rm a tio n  of phenyl p ropargy lic  e th e rs  u n d er pyrolytic 
rearrangem ent conditions to provide chromenes in good yield.6 The use of 
crown ethers for the preparation of the prenylated dihydrostilbene 1 is 
shown in  Scheme 3 .7 M eta substituted allyl phenyl ethers have been 
in v es tig a ted  to dete rm ine  th e  reg ioselec tiv ity  of th e  C laisen 
rea rrangem en t .8 It was observed th a t electronwithdrawing groups (i. e. 
carbomethoxy) favor substitu tion a t the ortho position. This is most 
probably due to a dipolar interaction between the allyl 7i-system and the C-2 
carbon of the aromatic ring. Electron-releasing groups (i. e. methoxy) favor 
substitution at the para position (Scheme 4). Pyrolysis of the phenol 3 
provided predominantly one product (Scheme 5). This result was attributed 
to a "naphthalene-like" tran sitio n  sta te  conformation where strong 
hydrogen-bonding "freezes" the  carbonyl group th u s  adopting a 
conformation which leads to the  substitu tion  p a tte rn s observed for 
naphthalene.
In the case of xanthones, Claisen rearrangem ents have been explored to
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Scheme 1. i) CMB, K2C03, DMF, trace of KI; ii) H2,10%Pd/C; iii) A, DEA.








Scheme 3. i) CMB, K2CO3 , KI, acetone, 18-crown-6, under N2 ; ii) H2 , Lindlar, EtOAc; 
iii) A, DMA.
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Scheme 8 . i) allyl bromide, K^COg, acetone, ii) DMA, 200°C.
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prepare linear and angular pyranoxanthones. Scheme 6  gives an example 
for the synthesis of dihydroisojacareubin (4).9 In the above synthesis the 
expected ortho-substituted product was isolated in low yield. Claisen 
rearrangem ents rarely take place a t the para  position when an ortho 
position is vacant. Formation of the product para-substituted to the phenol 
group can be rationalized by in itia l form ation of the  in term ediate  
cyclohexadieneone 5. As shown in Scheme 7, the allylic methyl groups in 5 
sterically in teract with the methoxy substituent, and therefore adopt a 
pseudo-equatorial conformation thus preventing enolization to form the 
tautom eric phenol . 10 Adoption of a pseudoaxial conformation of the 
dimethyl allyl side chain (6 ) will undergo a Cope rearrangem ent yielding 
the observed product.
(±)-Psorosperm in (7), a xanthone w ith dem onstrated an titum or 
activ ity 11 was recently synthezised .12 In this case the allyl group was 
introduced to allow further transformations leading to 7 (Scheme 8 ).
Coumarins are a large group of natural products which have attracted 
considerable in terest due to their varied biological activities . 13,14 The 
preparation of the coumarin gravelliferone (8 a), as depicted in Scheme 9, 
makes use of an extended rearrangem ent of the prenyl unit into the lactone 
portion of the coumarin system .15 During the Claisen rearrangem ent of 8 , 
the isopentenyl group migrated to the C-3 position of the coumarin ring; a 
reaction  which was in te rp re te d  to involve several consecutive 
rearrangements as depicted in  Scheme 1 0 . A similar reaction was recently 
reported by C airns et al. (Scheme 11) which involved pyrolytic 
rearrangement of 9 to afford gravelliferone in low yield.16
Scheme 12  outlines the incorporation of a chromene group into a 3-
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Scheme 11. i) DEA, A.
V "
Scheme 12. i) DMA, A.
Scheme 13. i) CMB, K2CO3 , 1 0 % aqueous acetone.
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Scheme 17. i) butyric anhydride, 210°C, 6  hrs.
phenyl coumarin involving a propargylic phenyl ether as precursor in the 
Claisen rearrangem ent. 17’18 The regioselectivity of the reaction could be 
due to double activation of the 1,3-dioxygenated functionalities of the 
aromatic ring of the coumarin. When formation of a linear coumarin is 
desired, blocking of the 8 -position is necessary. This can be accomplished 
by reacting the parent coumarin with I2/HI0 4/H2 0 /E t0 H. This procedure 
affords the 8 -iodocoumarin which can then be alkylated in the usual way 
and finally pyrolized in DMA to give the desired product; the iodo 
substituent is usually removed during the therm al rearrangement.
T reatm ent of 7,8-dihydroxycoumarin (10) w ith 3-chloro-3-methyl-l- 
butyne, K2 C O 3 , KI in 10% aqueous acetone (Scheme 13) afforded 
demethylluvangetin in 40% yield . 19 A regioselective prenylation method 
was reported in  connection w ith the synthesis of avicennol l l .20 The 
reaction (Scheme 14) took advantage of the fact th a t position 5 of the 
coumarin system is more reactive than position 7.21 The prenylation step 
afforded the product (1 1 ) in 60% yield.
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Scheme 15 outlines another example where protection of the flavone 
w ith iodine was employed to a tta in  selectivity during the Claisen
2 .1 . Carboxvlic Acid Anhydrides Variation of the Claisen Rearrangement 
Anhydrides are used to effect Claisen rearrangem ents which act as 
"trapping reagents", they react with the first intermediate phenol formed 
thus preventing further abnormal rearrangem ents.
When coumarin 12 was subjected to pyrolysis in the presence of butyric 
anhydride in dry pyridine the acylated phenolic compound 13 was isolated 
in 92% yield.23
This uncommon dim ethylallyl group has been observed in  some 
naturally occurring coumarins. In an analog fashion, this procedure was 
applied to the synthesis of clausarin (14) (Scheme 16).24 The synthesis of 3- 
(1,1-dimethylallyl)xanthyletin (15) is another example where the anhydride 
variation has been successfully applied, but in low yield (Scheme 17).25 The 
coumarin sibiricol (17) was recently synthesized using acetic anhydride 
instead  of butyric anhydride .26 Refluxing of coumarin 16 with acetic 
anhydride afforded after hydrolysis the para-prenylated phenol 17 in
rearrangem ent .22
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quantitative yield (Scheme 18). I t  is interesting to note th a t the para 
derivative was formed exclusively. The authors were also able to obtain the 
ortho product in 8 6 % yield when a mixture of sodium acetate and acetic 
anhydride was used. This la tte r  procedure presum ably favors the 
interm ediate ketone to undergo rapid enolization thus preventing further 
rearrangem ent.
Pyrolytic rearrangem ents of a 4-prenyloxycoumarin, when treated with 
NaOAc in Ac20 , afford a 3-substituted dimethylallyl product. An example 
for this procedure is shown in Scheme 19.27
3. C-PRENYLATIONS INVOLVING 2-METHYL-3-BUTEN-2-OL
This method, which involves BF3 -OEt2-mediated reactions w ith 2- 
methyl-3-buten-2-ol (MB) as a reagent, brings about the formation of mono- 
and diprenylated products. The prenyl groups are predom inantly 
introduced into the ortho positions of phenolic groups and to a lesser extent 
into ortho positions of aromatic methoxy groups. In all cases dioxane is the 
solvent of choice. The reactions are rapid and usually take place a t room 
tem perature, bu t th is m ethod frequently affords byproducts such as 
chromanes. The synthesis of prenylated phenols is easily carried out under 
these conditions to afford mixtures of various products which have to be 
separated by chromatographic methods. Simple prenylated phenols can be 
prepared and used as starting  m aterials for the synthesis of structurally 
more complex compounds such as flavones, pterocarpans, isoflavones, etc. 
A representative example for the preparation of simple prenylated phenols 
and derivatives is shown in Scheme 2 0 . Compound 18 was further 
transformed to chromane 19 by treatm ent with H3PO4 .
















Scheme 20. i) MB, BF3* OEt^, dioxane.
Scheme 21. i) MB, BF3*OEt2 , dioxane; ii) Mel, acetone, K2CO3; iii) HCOOH, A, iv) 
DDQ, benzene.
Scheme 22. i) Na, diethyl carbonate.
As shown in Scheme 2 1 , both chromanes and chromenes can be 
prepared using sim ilar approaches .30 For instance, the prenylated - 
methoxyacetophenone 20, obtained from the parent acetophenone and MB 
in the presence of BF3-OEt2 in dioxane, was used as an intermediate on the 
synthesis of coumarin 2 1 , the starting m aterial being a byproduct of the
20 21
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prenylation reaction shown in Scheme 2 2 .
Prenylated benzophenones are known to occur in  Vismia decip iens^  
and have also been synthesized by direct prenylation. The benzophenone 22 
was prenylated to give a mixture of five compounds.32 After separation by 
column chrom atography, compound 23 was treated  with DDQ to yield 
vismiaphenone B (23a) and other transformations provided vismiaphenone 
A (24), as shown in Scheme 23.
The synthesis of bavachalcone (25) and 4'-0-methoxybavachalcone (26) 
represents an example where the prenyl group was first incorporated into a 
simple phenolic precursor which was subsequently transform ed into a 
chalcone skeleton (Scheme 24).33 Similarly,the synthesis of the flavonone 
(±)-glabrol (28) made use of a protected prenylated chalcone 27; which was 
formed by condensation of the two prenylated precursors and then subjected 
to treatm ent with NaOAc/EtOH to afford protected glabrol; treatm ent with 
3N HC1 a t room tem peratu re  gave racemic glabrol (Scheme 25).34 
Treatm ent of 7-hydroxyflavonone (29) under similar conditions (Scheme 26) 
yielded four prenylated flavanones, 6 ,8 -diprenyl- (31), 7-prenyloxy, 6 -prenyl, 
and 8 -prenyl (30) derivatives .35 Compounds 30 and 31 were found to be 
spectroscopically iden tica l w ith  n a tu ra l ovaliflavonone-A and -B, 
respectively. In a similar fashion 6-(3-methylbut-2-enyl)narigenin (32) was 
the major product when the parent flavonone was prenylated under the 
catalyzed conditions (Scheme 27).36 Scheme 28 outlines the direct 
prenylation of a flavone, a reaction which afforded the 8 -prenyl derivative as 
the major product plus the 6 ,8 -diprenyl derivative as a minor component.37 
This method has also been applied toward the synthesis of prenylated 
coumarins. Apigravin (33) was the sole product formed in the reaction of 8 -
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methoxyumbelliferone when treated w ith MB and BF3 -OEt2 in dioxane 
(Scheme 29).38
The preparation of the isoflavone (±)-5-deoxykievitone, (35) involved the 
interm ediate prenylated isoflavanone 34, which upon further treatm ent 
with DDQ gave the expected chromene ring of the isoflavone 35 (Scheme 
36).39
The isoflavone licoricone (36) was also prepared by the above method 
(Scheme 31).40 This is one of the uncommon examples where the prenyl 
group is introduced between two methoxy groups. This m ust be due to the 
benzoylation of the two free hydroxy groups which, for steric reasons, 
seems to prevent the prenyl un it to attack the ortho positions. Mild 
hydrolysis conditions afford licoricone. The 3'-prenyl derivative was 
isolated as a minor product. Licoisoflavone A (37) was synthesized by a 
sim ilar rou te ,41 which introduced the prenyl un it between the two 
nonprotected phenolic groups of ring B (Scheme 32).
The pterocarpan tuberostan (41) was recently synthesized through a 
hydrogenative cyclization process .42 As shown in Scheme 33, oxidative 
rearrangem ent of chalcone 38 with T1(N03)3 yielded isoflavonone 39. 
Hydrogenolysis under mild conditions brought about several reaction steps. 
Cleavage of the protecting benzyl groups and complete reduction of the Ot-6 
unsaturated ketone system provided a labile interm ediate, an isoflavanol, 
whose benzylic hydroxy group at C-4 was displaced by nucleophilic attack of 
the  2'-phenyl oxygen group, thus providing (±)-isomedicarpin (40). 
Treatm ent of (40) with MB and BF3-OEt2 in dioxane followed by reaction 
with DDQ in benzene afforded racemic tuberostan (41).
24
Scheme 23. i) MB, BF^OEt^, dioxane, ii) DDQ, benzene; iii) pTSCl, acetone, K2CO3; iv) 
Me2S04, K2CO3 , acetone.
CHO
25  R = H, Bavachalcone
2 6  R = CH3, 4'-0-M ethylbavachalcone
OH O
Scheme 24. i) MB, BF3* OEt2, dioxane; ii) Mel, K2 CO3 , acetone; iii) KOH, EtOH, H2O.
28
Scheme 25. i) KOH, EtOH, H20 ; ii) NaOAc, EtOH; iii) 3NHC1.
HOHO





Scheme 27. i) MB, BF3, OEt2 , dioxane.
OCHq
HO O








Scheme 29. i) MB, BFg’OEt^, dioxane.
0
'O H  34  ^  "O H
Scheme 30. i) MB, BF3*OEt2, dioxane, ii) DDQ, benzene.
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4. C-ALKYLATIONS OF PHENOLATES WITH 4-BROMO-2-METHYL-2- 
BUTENE (PRENYL BROMIDE)
In reactions of phenols with alkyl halides in strongly basic media C- 
alkylation is a favored process when polar protic solvents are used. This 
widely employed procedure usually involves treatm ent of the phenolic 
compound with a methanolic solution of sodium methoxide followed by 
addition of prenyl bromide under reflux for several hours. The reaction 
gives predom inantly C-alkylation products with low to moderate yields. 
Unfortunately, O-alkylated compounds are common side products, which 
require separation by chrom atographic methods. Simple prenylated 
phenolic compounds have been synthesized by th is procedure (Scheme
34)30
At room tem perature, noreugenin (42) was found to be unaffected by 
a lky lation  involving BF3-O E t2 . At 50-60°C, the products were 6- 
prenylnoreugenin and 8-prenylnoreugenin.43 In contrast, treatm ent of 42 
w ith prenyl bromide in  m ethanolic sodium methoxide the products 
obtained were 6-prenylnoreugenin and 6,8-diprenylnoreugenin (Scheme
35).
Robustic acid (45) was prepared  from desoxybenzoin (43) by C- 
prenylation via interm ediate 44 which was formed as a major component 
(Scheme 36). Compound 44, when cyclized with DDQ and then treated with 
ethyl chloroformate, K2CC>3 in acetone yielded robustic acid.44 Isorobustic 
acid (46) was also synthesized in a similar manner.
Synthesis of garcinone A (47), a n a tu ra lly  occurring prenylated 
xanthone from Garcinia m ancostana45>46 was recently  attem pted. 

















S ch em e  32. i) MB, BF3'O Et2 , dioxane; ii) dilute alkali.
,OH OCH2Ph CH30 .
OCHoPh
OH
Scheme 33. i) T1(N0 3 )3*3H20 , MeOH; ii) H2 , 10% Pd/C, acetone; iii) MB, BF^OEt^, 




Scheme 34. i) prenyl bromide, NaOMe, MeOH, reflux.
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Scheme 37. prenyl bromide, NaOMe, MeOH.
from the natural product, which required reinvestigation of the proposed 
structure  of the na tu ra l garcinone A. The prenylation of synthetic 
garcinone A is depicted in Scheme 37.47
When the 5,7-dihydroxyisoflavone (48) reacted with 3,3-dimethylallyl 
bromide in methanolic sodium methoxide a mixture of three products was 
obtained.48 As outlined in Scheme 38, oxidative cyclization of intermediate 
4 8a  with one equivalent of DDQ, gave a mixture of two products, 4'-0- 
m e th y lo sa jin  (4 9 ) as the  m ajor com ponent as well as 4 '-0 - 
methylwaranglone (50).
The synthesis of the pterocarpans maackiain (54) and (±)-edunol (55) 
was recently reported.49 Initial reactions involved the condensation of the 
mercuroderivative 52 and the chromene 51 in the presence of PdCl2/LiCl to 
give 53 in 66% yield. Upon reductive removal of the protecting benzyl group, 
(±)-maackiain (54) was formed in 86% yield. Prenylation of 54 with the title 





Scheme 38. i) prenyl bromide, NaOMe, MeOH; ii) DDQ, benzene.
Scheme 39. i) PdCl2, LiCl, acetone; ii) H2 , 1 0 % Pd/C, acetone; iii) prenyl bromide, 
NaOMe.
5. MISCELLANEOUS PRENYLATION METHODS
5.1. The Use of Silver Oxide
In general, this method provides disappointingly low yields, however its 
application is a t times necessary when other methods fail to give any
174
prenylation products. The reagent is considered to be very mild and the 
reaction can be carried out a t room tem perature using freshly prepared 
silver oxide. The reaction assumes the involvement of silver ions assisting 
the removal of the leaving group of the alkyl halide, thus providing a 
reactive electrophilic species. Under such conditions, umbelliferone was 
reacted w ith prenyl bromide to produce osthenol (56) in  7%, 7-0- 
prenylcoumarin (57) in 9%, 6-(3,3-dimethylallyl)-7-hydroxycoumarin (58) in 
3%, and the pyrano derivative (59) in 1% yield, respectively as well as 
unreacted starting m aterial (Scheme 40).50 Scheme 41 outlines another 
prenylating reaction employing this reagent toward the synthesis of a 
xanthone.50
Scheme 40. i) prenyl bromide, Ag20 , dioxane.
5.2.PRENYLATIONS IN BASIC MEDIA
5.2.1. The Use of Alkyl Lithium Salts as Bases
Strong bases such as n-BuLi can be used to form alkoxides in nonpolar, 
aprotic solvents. These conditions give rise to a heterogeneous, nonpolar 
medium with maximum coordination between the cation and the oxygen
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Scheme 44. i) nBuLi, benzene, then geranyl bromide.
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Scheme 46. i) nBuLi, toluene, then prenyl bromide; ii) tert-butyldimethylsilyl chloride,
E t3N, DCM; iii) HF, pyridine, THF.
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Scheme 48. i) KOH, absolute MeOH, 0°C, prenyl bromide, then warming to room 
tem perature.
atom which are maximal conditions for C-alkylation.51 The prenylation of 
2,6-dihydroxy-4-methoxyacetophenone under the above conditions formed a 
chromane ring in  yields ranging from 15-20% (Scheme 42). Neither O- 
alkylation nor open chain products were found and dihydroalloevodionol 
(61) was the only isolated product.52 On the other hand, when 2,6- 
dimethoxy-4-hydroxyacetophenone was reacted w ith n-BuLi and then 
treated with 3,3-dimethylallyl bromide, the open chain derivative (62) was 
the m ajor product (Scheme 43). U nder the same conditions, 6- 
carboethoxyolivetol (63) and geranyl bromide provided a mixture of two 
isomeric open chain products (Scheme 44).
A very useful application of n-BuLi involves m etallation reactions, a 
method which has been widely used to introduce into arom atic rings 
electrophilic moieties ortho to certain functionalities in a highly selective 
m anner. This procedure generally involves compounds with a methoxy 
group possessing free ortho positions in the aromatic ring. After proton 
abstraction by n-BuLi from the methoxy containing compound, the lithium  
ion coordinates with the anionic moiety to form a "stabilized" species. 
Besides methoxy group, other functional groups also complex the lithium
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ions, for instance N,N-disubstituted amides,53 N ,N-disubstituted benzyl 
am ines,54 and heterocyclic rings containing sulfur.55
Prenylation of 1,3-dimethoxybenzene (64) takes place between the two 
methoxy groups to afford (65).56 This reaction utilized phenyl lithium with 
a yield of 98%; whereas the use of n-BuLi gave a 73% yield.57
Scheme 45 outlines the preparation of prenylated biphenyl (6 6 ) in 39% 
yield.57 The reactions discussed above show certain degree of selectivity due 
to an extra stabilizing effect of the anionic species tha t is provided by two 
methoxy groups.
The synthesis of the isoflavan (±)-5-0-methyllicoricidin (69) was recently 
reported .53 When 67 was treated with two equivalents of n-BuLi and then 
alkylated with prenyl bromide, the yield was only 5%. However, when 
compound 67 was selectively protected with TBDMSC1 and the resulting 
product reacted with n-BuLi followed by prenyl bromide, compound (6 8 ) was 
obtained in 48% yield. Subsequent desilylation with HF/pyridine complex in 
THF afforded the target compound in 85% yield (Scheme 46).
The naphthoquinone, 2-prenyljuglone was synthesized by alkylation of 
the readily attainable Diels-Alder aduct (70) which upon treatm ent with 
potassium  tert-butoxide/prenyl bromide afforded the desired alkylated 
product (71) in 53% yield (Scheme 47). Using LDA as a base the same
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reaction provided only a 27% yield.59
5.2.2 Alkylation Using Potassium Hydroxide as a Base
Alkylations in methanolic solutions of KOH have been used for the 
p repara tions of p reny la ted  compounds. U nder these  conditions, 
resacetophenone gave three products (Scheme 48) with compound 72 being 
the major product.60 The use of KOH in a polar aprotic solvent, DMSO, 
allowed the furanocoumarin 73 to be alkylated in nearly quantitative yield 
(Scheme 49). After refluxing the  product w ith AC2 O in xylene, the 
furanocoumarin 74 was obtained in 90% yield.61
Recently the isolation of a series of coum arins from M a m m e a  
americana, Mammea longifolia, Mesua ferrea and Mesua thw aitessii 
was reported. These compounds contain prenyl and geranyl side chains 
attached to the arom atic ring of the coumarin system. For structural 
confirmation, the synthesis of these compounds was performed between 0 
and 45°C under nitrogen in  an aqueous solution of KOH and prenyl or 
geranyl halides providing moderate yields of C-alkylated products. The 
observed C-alkylation as opposed to O-alkylation is due to a strong hydrogen 
bonding interaction between the phenolic oxygen and solvating water which 
disfavors O-alkylation. The synthesis of surangin B (75) an insecticidal 
component of Mammea longifolia and also of (-)-mammea B/BB (76) are 
shown in Scheme 50.62,63>64,65
5.2.3. Alkylations using Sodium Hydride
Although examples using sodium hydride (NaH) are not very common, 
















Scheme 50. i) 5% KOH (2 eq.), geranyl chloride, 40-45°C, 1 day; ii) 10% KOH, 0°C, 
prenyl bromide.
been described.66 This reaction affords different products depending on the 
solvent used. In dioxane, 77 is obtained in 32% yield and 78 is the only 
product when toluene is used (Scheme 51). Umbelliferone was exclusively 
O-alkylated when geranyl bromide and NaH were reacted in a polar aprotic 
solvent, DMF, providing 79 in 63% yield (Scheme 52).67
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Scheme 51. i) NaH, dioxane, prenyl bromide; ii) NaH, toluene, prenyl bromide.
79







Scheme 53. i) 3-Methylbut-2-enal, pyridine, 140°C (yield 59%); ii) 3-Hydroxy-3-methyl- 
1,1-dimethoxybutane, pyridine (yield 60%).
5.2.4. The Use of Pyridine and 3-Methylbutanal Derivatives 
These conditions have been used in  a num ber of cases affording 
reasonable yields of alkylation product, usually  chrom enes .68 The 
chromene formed under conditions outlined in Scheme 53, is a key starting
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m aterial in  the synthesis of isoflavan (±)-4'-0-methylglabridin (80).69 
Similarly, 2,4-dihydroxybenzaldehyde was the starting  m aterial in the 
synthesis of the phytoalexin phaseollin (81) (Scheme 54).70
CHO CHO











Scheme 55. i) citral, pyridine, 200°C, sealed tube; ii) Zn, HOAc.
When the isoflavan 82 was condensed with citral in the presence of 
pyridine a chrom atographically separable m ixture of isoflavones was
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obtained (Scheme 55). Deprotection of 83 provided racemic heminitidulan 
(84).71
5.3 Prenylations Using Friedel-Crafts Alkylations
Alkylations involving Lewis acids have been frequently utilized to 
introduce prenyl units into aromatic rings. The preparation of chromanes 
was accomplished by the reaction of phenolates with several Lewis acids 
and isoprene .72 The yields of these reactions vary considerably depending 
on the type of Lewis acid and the reaction conditions (see Scheme 56).
The use of ZnCl2 and potassium  phenoxides provides ortho-alkylated 
phenols with high regiospecificity in moderate yields.73 The reactions are 
typically run  under nitrogen by adding potassium metal to a solution of the 
phenol in  xylene followed by refluxing. After the potassium is consumed 
the reacting m ixture is cooled off and freshly melted, powdered ZnCl2 is 
added a t room tem perature. The resulting slurry is refluxed for a short 
period and finally the allyl halide in xylene is added and heated. 
Representative examples are shown in Scheme 57. A slightly different 
method was successfully applied to the synthesis of dihydroisoosajin 
monomethyl ether (8 6 ), an isoflavone with two chromene rings .74 In this 
case, the isoflavone (85) was directly treated  with an excess of prenyl 
bromide in the presence of ZnCl2 in dry benzene (Scheme 58).
5.4. The Use of Alkali Metals
This method applies the same principle stated previously, wherein the 
formation of alkoxides in nonpolar solvents should result in preferential C- 
alkylation. The synthesis of grifolin (87) an important antibiotic fungal
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Scheme 57. ZnCl2, prenyl bromide, xylene; ii) ZnCl2, neiyl chloride, xylene; iii) ZnCl2, 
allyl bromide, xylene.
OH O 'OCHg
Scheme 58. ZnCl2 , prenyl bromide, benzene.
OCH,
m etabolite, has been accomplished by refluxing a benzene solution of 
orcinol and sodium; subsequent addition of farnesyl chloride gave (87), in 
23% and neogrifolin (8 8 ) in 42% yield, respectively.75 The method seems to
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be very specific providing open-chain compounds exclusively. Sim ilar 
yields were obtained when en ethyl ether solution of orcinol was reacted 
with prenyl chloride (Scheme 59).
Sesamol (89) was reacted under the same conditions using toluene 
instead of benzene as solvent and allyl bromide in place of prenyl bromide,76 
providing the alkyl derivative (90) in 42% yield (Scheme 60).
5.5 Alkylations Involving Trimethylsilyl Intermediates
A quite simple approach involving a silicon reagent was developed for 
the introduction of a prenyl group into a phenolic moiety. The reaction 
makes use of trimethylsilyl iodide, generated in situ  by mixing Nal and 
trim ethylsilyl chloride in  an  acetonitrile solution .77 The addition of 
isoprene brings about the formation of prenyl bromide whose formation is 
outlined in Scheme 61. By this method P-naphthol afforded 70% yield of the 
C-l-prenylated product. A slight variation of th is m ethod78 involved 
hydrogen iodide which was generated by the action of p-toluenesulfonic acid 
upon sodium iodide in acetonitrile to react with isoprene producing prenyl 
iodide. Under these conditions P-naphthol provided l-(3,3-dimethylallyl)-2- 
hydroxy-naphthalene in low yield.
5.6. Formation of Chromenes in Acidic Reaction Media
The reaction of isoprene in acidic media represents a useful method for 
the preparation of chromanes from phenols. The reaction is usually 
carried out in a suspension of orthophosphoric acid in hydrocarbon solvents 
such as light petroleum or xylene. The mixture is vigorously stirred a t 
tem peratures ranging from 30-40°C.
The chromenes precocene I (91) and II (92), which have antiallotropic
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Scheme 59. i) Na, benzene, famesyl chloride, A; i) Na, ether, prenyl chloride.






R = H, 13% 91 R = H
R = OCH3, 8% 92 R = OCH3
Scheme 62. i) isoprene, orthophosphoric acid; ii) DDQ.
COOH COOH
Scheme 63. i) isoprene, orthophosphoric acid.




Scheme 65. i) isovaleraldehyde, HC1, HOAc.
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Scheme 67. i) [l,3-ri-(l,l-dimethylallyl)]nickel, THF.
101 103
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Scheme 68. i) copper (I) acetylide of 2-methylbut-l-en-3-yne, pyridine, 80°C. 
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Scheme 69. i) tert-BuLi, geranyl bromide, THF.
properties in insects,78,79,80 have been synthesized by this methodology.®1 
The in itially  formed chromanes were trea ted  w ith DDQ to yield the 
precocenes (Scheme 62). In a sim ilar m anner 2,4-dihydroxybenzoic acid 
gave the dihydroderivative of fi-tubaic acid (93) (Scheme 63).82
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Some naphthopyrans iso lated  from Tectona grandis, Tebebuia  
chrysan tha  and various G alium  species have been prepared in  good 
yields by th is methodology.83 As outlined in Scheme 64 treatm ent of Ot- 
naphthol with isoprene and orthophosphoric acid afforded chromane 94 in 
75% yield and p-naphthol provided (95) in 70% yield.
When the naphthoquinone 96 was reacted with isovaleraldehyde in the 
presence of HC1 and HOAc the prenyl derivative (97) was obtained .84 
Oxidative cyclization of (97) with DDQ afforded three compounds, one of 
which, a-caryopterone (98) being the major product (Scheme 65). In 
Scheme 66  the synthesis of tetrahydroxanthyletin (99) by the reaction of 3,4- 
dihydroumbelliferone with prenyl bromide in an acidic medium is given .85
5.7. Prenylations Involving Organometallic Reactions
The documented observation th a t nickel (I) compounds form If-allyl 
com plexes86 was the basis for the successful synthesis of the juglone 
derivative (100) which afforded a 25% yield of the prenylated product 
(Scheme 67).59 As shown in  Scheme 6 8 , the furanocoumarin (102) was an 
im portan t in te rm ed iate  in  the  p repara tion  of hortiolone (103), a 
furanocoum arin isolated from Hortia arborea. The reaction involved a 
copper acetilyde reaction w ith iodocoumarin (101) in pyridine at 80°C to 
afford (102) in 92% yield.87
5.8. Other Approaches
Schemes 69 and 70 describe examples which initially use cyclic aliphatic 
systems th a t are subsequently aromatized by simple transformations. For 
instance, collelochlorin B (105), a phenol of microbial origin, was prepared 
from the 1,4-cyclohexadiene derivative (104);88 the alkylation step gave a
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Scheme 70. i) 3-methylbut-2-enal, MgS04, pyridine; ii) DDQ, dioxane.
R = H, Precocene I 
R = OCH3, Precocene II
Scheme 71. i) LDA, acetone, THF; ii) HC1, MeOH; iii) LAH, ether; iv) p- 
toluenesulfonic acid, benzene.
55% yield. Another recent example (Scheme 70) involves regioselective 
alkylation of 1,3-cyclohexadione followed by arom atization with DDQ; the 
alkylation step formed compound (106) in  78% yield .76 An indirect 
procedure was employed in the formation of a chromene ring as illustrated 
in Scheme 71 for the synthesis of precocenes I and II .89
C annabichrom ene (108), isolated from Cannabis sativa L ., was 
synthesized from a 1,3-cyclohexadione derivative by condensation with 
citral which afforded a 63% yield of product.**6 Subsequent aromatization 
steps provided the desired product. Other arom atization methods were 
unsuccessful when applied to (107), however the procedure illustrated in
Scheme 72 gave a 37% yield. 3-(3,3-dimethylallyl)-xanthyletin (109) was 
prepared through a pathway shown in Scheme 73. The last step of the 
synthesis provided the chromene type coumarins (109) in 60% yield and 110 




108 R = n-C5H11, Cannabichromene
Scheme 72. i) (H3N +CH 2C H 2N H 3+)OAc2, MeOH; ii) LDA, PhSeCl, THF; iii) 
MCPBA, 3,5-dimethoxyaniline, THF.
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Scheme 73. i) acetone, dry HC1 <g), benzene; ii) H2, Pd/C; iii) CHgMgl, ether; iv) H2, Ni 
Raney; v) Ac20 , pyridine; vi) TSA, benzene; vii) 3-hydroxy-3-methylbutanal, pyridine,
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